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Letter of Transmittal

To the Congress of the United States:

In compliance with the provisions of the act of March 3, 1915, as
amended, establishing the National Advisory Committee for Aero-
nautics, I transmit herewith the Thirty-fifth Annual Report of the
Committee covering the fiscal year 1949.

Harry S. Truaan.

Tue Wrre House.

JANUARY 16, 1950.






Letter of Submittal

NaTIONAL ADVISORY COMMTITTEE FOR AERONAUTICS,
Washington, D. C., December 16, 1949.

DEear Mg. PresipENT: In compliance with the act of Congress ap-
proved March 3, 1915, as amended (U. S. C. 1948, title 50, sec. 153},
I have the honor to submit herewith the Thirty-fifth Annual Report
of the National Advisory Committee for Aeronautics covering the
fiscal year 1919,

Achievement of flight faster than the speed of sound by American
research airplanes has given a strong stimulus to the design of very
high speed aircraft both in this country and abroad. The Committee
has evidence of increasing international competition in aeronsutical
research and development. The stakes are high. Superior speed in
military aircraft is essential to the success of air attack as well as air
defense. In the age of atomic bombs it appears that no nation can
win a war without control of the air.

During the past year the Committee has directed much of its effort
to solutions of the complex problems of high-speed flight. By the
achievement of successful supersonic flight there was gained for
America a substantial advantage in the race for air leadership. This
gain was made through the coordinated effort of scientists and en-
gineers throughout the country—notably in the aircraft industry,
the military establishment, and NACA—and supported by the work
of educational institutions and other research agencies. The same
teamwork is required to consolidate these gains and to push for-
ward. The Congress has wisely provided for increasing the effec-
tiveness of the team by authorizing the Unitary Wind Tunne] Plan
for establishment of needed facilities for transonic and supersonic
research, development, and evaluation. The Unitary Plan repre-
sents an extension of the teamwork idea initiated by the cooperative
military-industry-NACA research-airplane program that led to
achievement of supersonic flight. In that program forces were joined
to produce research results. In the Unitary Plan the same forces
will be joined to expedite the development and sound evaluation of
practical aireraft capable of the superior performance required to
meet an emergency.

- Respectfully submitted.
JeroyE C. HunNsaxes,
Chairman.
THE PRESIDENT,
The White House, Washington, D. C.
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THIRTY-FIFTH ANNUAL REPORT

OF THE

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WasHINGTON, D. 0., November 17, 1949.

To the Congress of the United States:

In accordance with the act of Congress, approved
March 8, 1915 (U. S. C. title 50, sec. 151), which estab-
lished the National Advisory Committee for Aero-
nautics, the Committee submits its thirty-fifth annual
report for the fiscal year 1949.

In the Committee’s report last year it was stated
that the American achievement of flight faster than
the speed of sound by a special research airplane would
influence our future concept of national security. It
was pointed out that this accomplishment was acting
as a stimulus to the design of very high-speed airplanes
by removing concern relative to the existence of an un-
known sonie barrier. During the past year the effects
of this stimulus have become evident both here and
abroad through supersonic flights by other experimen-
tal airplanes, )

The demonstrated possibility of supersonic flight is
a significant turning point in aircraft performance.
For the future, we must accept the view that flight at
supersonic speeds by practical military airplanes can
be attained by any nation willing to make the effort.
Another nation has apparently achieved success in de-
veloping an atomic explosion. It is logical to assume
that an intensive effort is being made to develop a means
for transporting atomic weapons with as high a degree
of effectiveness as possible and at the same time to pro-
vide defense against invading aircraft armed with
atomic weapons. Superior speed is generally ac-
knowledged to be the most important single element
in successful air attack and in defense against such an
attack. Range also is important. The attainment of
long range at supersonic speeds poses a most difficult
problem.

For America to continue its present supremacy in
the air will require that it develop military aircraft
that can fly faster than sound. This places emphasis
on research and development. As in the case of the
atomic bomb, America cannot expect to enjoy an exclu-
sive advantage. At best it can only plan by vigorous
and timely research to stay ahead of any potential

enemy in the development of aircraft of superior per-

formance.

The Committee feels a sense of urgency in the con-
duct of its broad comprehensive programs of scientific
research in aeronautics, which include the stimulation

92477831 2

and coordination of basic research in scientific and
educational institutions. There is no excuse for a com-
placent attitude. We need to maintain technological
superiority, in order that we may have the most mod-
ern aircraft ag the backbone of American sir power in
being, on whatever basis it may be determined by the
Congress to be necessary to afford a reasonable degree
of security consistent with the national economy.

To explore more rapidly the little-known regions of
transonic and supersonic flight speeds, the cooperative
industry-military-NACA research airplane project,
which commenced with the USAF X~1 and Navy D-558
airplanes, has grown to include more than a half-dozen
airplane types. The scientific information obtained to
date from this flight program has given aeronautics
perhaps the greatest impetus in its history.

Notable during the past year has been the eagerness
of aireraft designers to apply the new knowledge being
obtained from the Committee’s high-speed research pro-
gram. Now that experimental supersonic flight has
been attained, great efforts are being made by the Air
Force and the Navy in fostering the design of opera-
tional transonic and supersonic aircraft. The Com-
mitiee notes with satisfaction a healthy pressure upon
it from the military air servcies and from the air-
craft industry for advanced scientific data. This is the
first occasion in peacetime history that organized re-
search effort has been unable to stockpile scientific
knowledge for future use. The demand is for advanced
scientific knowledge for immediate application.

In the past fiscal year, the Committee placed in opera-
tion the third of its large scale supersonic wind tunnels.
Each of these tunnels is being used to study fundamental
aspects of supersonic aerodynamics and propulsion
problems. Forsome time it has been evident that addi-
tional supersonie facilities are needed for development
and evaluation purposes as well as for research. From
this need has evolved what is known as the “Unitary
Wind Tunnel Plan.” Enabling legislation for this plan
became public law on QOctober 27, 1949.

The history of the Unitary Plan goes back to late
1945 when the military services and the Committee

studied the possibilities of supersonic flight in its effect

on the research, development, and evaluation effort re-
quired to insure leadership of the United States in the
evolution of aireraft and missiles. The conclusions ar-

rived at, including those of the Guided Missiles Com-

mittee of the Joint Chiefs of Staff, concerning their
1
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special wind tunnel requirements, were available at the
April 1946 meeting of the Committee where it was
agreed that the recommendations of all agencies should
be coordinated to eliminate duplication and nonessen-
tial items, and to evolve a single plan for the United
States.

The desired coordmat:on was effected by special
panels of the Committee studying the questions in the
period April 1946 to _January 1947. The resulting
Unitary Plan was approved by the Committee on Janu-
ary 24, 1947, and was forwarded to the Research and
Development Board of the National Military Establish-
ment (then the JRDB) and was approved by the heads
of the armed services. The plan aimed at the fore-
seeable needs of the country in the next 10 years; it
recommended allocation and operating responsibilities
among the Navy, Air Force, and NACA for an in-
tegrated wind tunnel construction program. These
wind tunnels will be available for the use of all inter-
ested agencies and the aircraft industry. Provision
was made for improved research facilities at univer-
sities, not only to perform productive research but also
to assure an output of qualified aerodynamicists to staff
the tunnels contemplated under the Unitary Plan.

Many problems remain to be solved before tactically
useful aircraft capable of sustained supersonic flight
can be produced. The outstanding problems involve &
better understanding of the transonic speed region
through which supersonic aircraft must pass, and the
development of propulsion systems giving higher thrust
for longer periods of time, at increased efficiencies.

In the transonic speed region, an airplame encounters
a mixture of subsonic and supersonic flow. The es-
tablishment of the physical laws governing such mixed
flow will be extremely important. Since the study of
transonic flow in conventional wind tunnels is not pos-
sible, the development of new experimental methods and
facilities is required.

In the past few years the advent of new forms of
propulsion challenged the resourcefulness of the aero-
dynamicist to utilize effectively the high thrusts made
available. The challenge is now somewhat reversed,
and it is necessary that means be found to provide im-
proved propulsive systems for sircraft being designed
for transonic and supersonic flight. Sufficient thrust
is now available for short periods from rocket engines
and jet engines with thrust augmentation arrangements.
Progress is being made toward the development of ade-
quate propulsmn systems having the high efficiency nec-
-essary for flights of reasonable duration. What must
be done is clear, but the problems are exceptionally dif-
ficult and intensive research is required for their solu-
tion.

In addition to the primary problems of high-speed

aerodynamics and propulsion, a considerable effort is
required in the numerous and extensive fields of com-
plementary research that are equally important to the
achievement of useful supersonic flight. Thus, in-
creased emphasis is being given to research on the prob-
lems of aircraft construction including such subjects
as aeroelasticity, aerodynamic and impact loads, struc-
tural efficiency, and materials. Attention is also being
given to research on such operational problems as icing,
fire prevention, atmospheric turbulence, and emergency
escape from high-speed aircraft.

The work of the Committee is in general directed
toward the over-all objective of improving the per-
formance, efficiency, and safety of both civil and mili-
tary aircraft and of discovering and applying new
scientific knowledge essential to continuing American
leadership. The immediate objective is to solve, as
quickly as facilities and personnel permitf, the most
pressing problems attendant on high-speed flight.

A matter of current interest is the application of
turbopropellers and turbojets to transport airerafl.
The British Government; through the Ministry of Sup-
ply, several years ago sponsored the development of
new types of power plants solely for transport use, and
financed the development of several transport aireraft
incorporating these engines. The design and construc-
tion of such airplanes in the United States is dependent
more on finding an acceptable method of financing of
prototypes than on additional research. Successful
commercial use of such eircraft will depend, however,
on research to solve the many operational problems of
high-speed transport airplanes.

There is one factor in the administration of researel
that should not be overlooked. This is the extremeo
pressure which arises, when budgets must be curtailed,
to approve only those research projects which have an
immediate bearing on current development. In the
long run this is & fatal policy. Research naturally leacs
development. If the reverse were attempted, only mi-
nor improvements of existing types would result. Pro-
curement-minded, short-range researell could uever
produce such radical developments as supersonic {light,
atomic power and radar. There is no surer way to
fall behind than to perpetuate the old and forego the
new by thinking only of today’s production and pro-
curement problems.

Parts I, IT, and IIT of this annual report present a
résumé of the scientific activities of the Committee, a
description of the Committee’s organization and mem-
bership, and the financial report for the fiscal year 1949,

Respectfully submitted.

JeroME C. HUNSARER,
Chairman.



Part I—TECHNICAL ACTIVITIES

RESEARCH ORGANIZATION AND PROCEDURES

COMMITTEE LABORATORIES

Research of the National Advisory Committee for
Aeronautics is conducted largely at its three Iabora-
tories—Langley Aeronautical Laboratory, Langley
Field, Va.; Ames Aeronautical Laboratory, Moffett
Field, Calif.; and Lewis Flight Propulsion Laboratory,
Cleveland, Ohio. A subsidiary station is located at
Wallops Island, Va., as a branch of the Langley Lab-
oratory for conducting research on models in flight in
the transonic and supersonic speed ranges. At Muroc
Lake, Calif., is located the NACA High-Speed Flight
Research Station for research on transonic and super-
sonic airplanes in flight. The total numbar of em-
ployees, both technieal and administrative, at these five
stations and headquarters in Washington was 6,938 at
the end of the fiscal year 1949.

TECHNICAL COMMITTEES AND RESEARCH
COORDINATION

In earrying out its function of coordinating aeronau-
tical research the Committee is assisted by 2 group of
technical committees and subcommittees. The members
of these committees are chosen for their particular
knowledge in a specific field of aeronautics. They are
selected from other Government agencies concerned
with aviation including the Department of Defense,
from the aireraft and air transport industries, and from
scientific and educational institutions. These commit-
tees provide for the interchange of ideas and prevention
of research duplication except where parallel efforts are
desired. There are four technical committees under
the National Advisory Committee for Aeronautics:

1. Committee on Aerodynamics.

2. Committee on Power Plants for Ajrcraft.

3. Committee on Aircraft Construction.

4. Committee on Operating Problems.
Each committee is supported by three to eight technical
subcommittees.

In addition to the four technical committees, there is
an Industry Consulting Committee established to assist
the main Committee in formulation of general policy.
Membership of thiz Committee as well as the technical
committees and subcommittees is listed in Part IT of
this report.

Research coordination is further effected through dis-
cussions bet ween Committee technical personnel and the
research staffs of the aviation industry, educational and
scientific organizations, and other aeronautical agencies.
Numerous conferences are held at Committee labora-
tories to examine research being conducted by the
NACA and to see that the proper Government and
private organizations are receiving full benefit from it.
The Research Coordination Office is further assisted by
a west coast representative who maintains close contact
with the aeronautical research and engineering staffs of
that geographical area.

RESEARCH SPONSORED IN SCIENTIFIC AND
EDUCATIONAL INSTITUTIONS

To utilize most effectively the aeronautical research
talents and facilities of the Nation, the NACA sponsors
research in universities and other monprofit scientific
institutions. Through this sponsorship the NACA has
access to a diversity of specialized talent in mathematics,
physics, and engineering, which has contributed much
valuable research in many fields of aeronautical im-
portance. By thus tapping a reservoir of specialized
competence and unique research facilities which would
not otherwise have been brought to bear on pressing
aeronautical problems, it is possible to complement the
research carried on in NACA laboratories. This ac-
tivity has the additional desirable advantage of training
graduate students in practical research techniques.

Transonic aerodynamic research, and investigations
of helicopter characteristics, boundary-layer flow, the
nature of turbulence, and the physical properties of air
under the extreme conditions of very high altitude and
speed have been instituted. The development and eval-
uation of high-temperature alloys and ceramic coat-
ings for turbine blades in gas-turbine power plants are
continuing under NACA. sponsorship, and the proper-
ties of aircraft structures and structural materials, and
the mechanisms of failures in each, are under investiga-
tion in & number of institutions. Problems involving
bearings and lubricants, pressurized cabins, combustion,
and personal aircraft operation are also included in the
projects supported by NACA contracts. These vari-
ous research projects are described in greater detail

3
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under the headings of the committees and subcommittees
concerned.

During this year the NACA has sponsored new re-
search on fundamental aeronautical problems at the
National Bureau of Standards, Brown University, Bat-
telle Memorial Institute, Polytechnic Institute of Brook-
lyn, California Institute of Technology, University of
California, Cornell University, Forest Products Labo-
ratory, Georgia Institute of Technology, Harvard Uni-
versity, Jowa State College, Johns Hopkins Univer-
sity, Massachusetts Institute of Technology, University
of Michigan, University of Minnesota, Mount Wash-
ington Observatory, University of Notre Dame, Ohio
State University, Oregon State College, Princeton Uni-
versity, Stanford University, Syracuse University,
Agricultural and Mechanical College of Texas, and
University of Washington.

RESEARCH INFORMATION

Research results obtained in the Committee’s labora-
tories and through research contracts are distributed
in the form of Committee publications. Formal Re-
ports, printed by the Government Printing Office, con-
tain unclassified information and are available to the
general public from the Superintendent of Documents.
Technical Notes, released by the Committee in limited
numbers, also contain unclassified research results of a
more or less interim nature and are distributed to in-
terested organizations throughout the country. Fre-
quently, research results which will ultimately be pub-

lished in Report form are issued initially as Technical .

Notes in the interest of speedy dissemination of data
to American technical people and organizations.
Translations of foreign material are issued in the form
of Technical Memorandums,

In addition to unclassified publications the Commit-
tee prepares a large number of reports containing clas-
sified research information. For reasons of national
security, these reports are controlled in their circulation.
From time to time the classified reports are examined
to determine whether it is in the national interest-to
declassify them. If it is found desirable to declassify
the reports, they. are then published as unclassified
papers.

Another important means of transmitting quickly
and efficiently the latest information in & particular
field of research directly to designers and engineers
working in that field is the holding of technical con-

ferences from time to time at an appropriate NACA
laboratory., Several conferences of this nature were
held during the past year.,

The Oftice of Aeronautical Intelligence was estab-
lished in 1918 as an integral part of the Commitice’s
activities. Its functions are the collection and classi-
fication of technical knowledge on the subject of areo-
nautics, including the results of research and experi-
mental work conducted in all parts of the world, and
its dissemination to the Department of Defense, air-
craft manufacturers, educational institutions, and other
interested people. American and foreign reports ob-
tained are analyzed, classified, and brought to the
attention of the proper persons through the medium of
public and confidential bulletins.

AERONAUTICAL INVENTIONS

By act of Congress, approved July 2, 1926 (U. S. C.
title 10, sec. 310-r), an Aeronautical Patents and De-
sign Board was established consisting of the Assistant
Secretaries for Air of the Departments of War, Navy,
and Commerce. In accordance with that act as
amended by an act, approved March 3, 1927, the
National Advisory Committee for Aeronautics is
charged with the function of analyzing and reporting
upon the technical merits of aeronautical inventions
and designs submitted to any agency of the Govern-
ment. The Aeronautical Patents and Design Board is
authorized, upon the favorable recommendation of the
Committee, to “determine whether the use of the design
by the Government is desirable or necessary and evalu-
ate the design and fix its worth to the United States in
an amount not to exceed $75,000.”

Recognizing its obligation to the public in this re-
spect the Committee has continued to accord to all
correspondence on such matters full consideration. All
proposals received have been carefully analyzed and
evaluated and the submitters have been advised con-
cerning the probable merits of their suggestions. Many
personal interviews have been granted inventors who
visited the Committee’s offices, and technieal informa-
tion has been supplied when requested.

* L * * *

The following detailed summary of research, com-
pleted during the fiscal year 1949, is organized to reflect
the areas of research over which each technical com-
mittee and related subcommittee have cognizance.
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AERODYNAMIC RESEARCH

Flights of man-carrying aircraft at speeds greater
than the speed of sound have up to the present time
been of very limited duration. Much research remains
to be accomplished to make possible the design of more
practical transonic and supersonic aircraft. TWhile real
progress has been made during the past year in explo-
ration of new ideas in high-speed aerodynamics, con-
siderable effort has also been expended in obtaining
clearer understandings of previous research findings.
In view of the present nature of the problem, the
NACA has undertaken extensive studies of transonic
and supersonic air flows with a view to providing ad-
ditional aerodynamic information required for airplane
and missile design. New and unconventional high-
speed airplane configurations have further dictated that
additional emphasis be placed on studies at subsonic
speeds of take-off and landing characteristics. Studies
of subsonic boundary layers have likewise been ex-
tended to provide a more thorough understanding of
the phenomena as related to the new configurations and
to assist in achieving improvements in performance of
more conventional aircraft flying at subsonic speeds.
Exploratory research on the nature of air flow at very
high supersonic speeds has also been undertaken and
the development of new research equipment for this
purpose is 2lso under way.

It is apparent from the details of the report which
follows that the term “aerodynamic research” has been
applied in a general sense to broad areas of the NACA’s
scientific effort. Accordingly, the scope of the current
activities of the Committee on Aerodynamics includes

consideration of many problems of flight experienced
at subsonic, transonic, and supersonic speeds which are
directly, or in some cases indirectly, related to aerody-
namics. The Committee on Aerodynamics is aided in
its review of this broad field of research by the Subcom-
mittees on Fluid Mechanics, High-Speed Aerodynam-
ies, Stability and Control, Internal Flow, Seaplanes,
Propellers for Aireraft, Helicopters, and the Special
Subcommittee on the Upper Atmosphere. During the
past year a new Subcommittee on Fluid Mechanics was
created to review and coordinate the rapidly expanding
research in this field. The Special Subcommittee on Re-
search Problems of Transonic Aircraft Design, men-
tioned in the previous annual report, was discharged in
view of the completion of its special assignment. The
Subcommittee on High-Speed Aerodynamics was re-
organized in order that it might devote more attention
to the design problems of missiles and airplanes, and
assume the duties previously assigned to the Special
Subeommittee on Research Problems of Transonic Air-
craft Design. Research on air loads, effects of wing
flexibility, dynamic maximum lift, flap effectiveness,
and pressure distribution studies are discussed in the
section “Airframe Construction Research” under activ-
ities of the Subcommittee on Aireraft Loads.

In order to promote early use of the research results,
a technical conference on supersonic aerodynamics was
held early in the fiscal year at the Ames Laboratory,
with representatives of the military services and the air-
craft industry. Some of the Committee’s recent work
in aerodynamies is described in the following sections.

COMMITTEE ON AERODYNAMICS

Airfoils

Because of the need for airfoil data at high Reynolds
numbers the aerodynamic characteristics of a number
of NACA 6-series airfoils, in both smooth and rough
conditions, were determined experimentally at Reynolds
numbers of 15,000,000, 20,000,000, and 25,000,000, and
reported in Technical Note 1773. The investigation
included a systematic study of the effects of airfoil
thickness ratio, thickness distribution, and camber upon
the aerodynamic characteristics of the airfoils at the
different Reynolds numbers. One of the airfoils was
alsostudied with a split flap. A particularly interesting
result was the relatively large increase in the maximum
lift coefficient of the 6-percent-thick sections as the
Reynolds number was increased from 15,000,000 to
25,000,000.

A compilation has been made of data obtained from
tests in the Langley two-dimensional low-turbulence

tunnels of a large number of miscellaneous airfoils.
The airfoils consist of 14 modified or unconventional
NACA 6-series sections and 20 other sections of special
design. The aerodynamic characteristics of these air-
foils extend over a range of Reynolds number from
3,000,000 to 9,000,000,

The accuracy of the method described in Report 824
(“Summary of Airfoil Data”) for rapidly calculating
the increment in the velocity distribution azbout 2 sym-
metrical airfoil due to angle of attack has been inves-
tigated. An analytical study was made of the accuracy
of the method by the use of the exact theory of Theo-

dorsen and Garrick for the potential flow about arbi-.

trary airfoils. The results of the study reported in
Technical Note 1884 show that the method of Report
824 evaluates the effect of angle of attack on the net
velocity at any point of a symmetrical airfoil with s
maximum error that is proportional to the cosine of
the angle of attack.
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A theoretical method has been_studied at the Lewis
Laboratory for calculating the velocity distribution on
arbitrary airfoils in closed subsonic wind tunnels by
conformal mapping. This study is reported in Tech-
nical Note 1899, T '
High-Lift Devices

In an effort to improve the maximum lift and stalling
characteristics of moderately thin airfoils, modifica-
tions of the contour very near the leading edge of an
NACA 63,-012 airfoil section have been investigated in
the Ames 7- by 10-foot wind tunnels. The modifications
included increased leading-edge radii and camber and
several nose flaps with inereased leading-edge radii.
The basic airfoil had a leading-edge radius of 0.0109
chord and stalled abruptly at a lift coefficient of 1.36.
No turbulent separation was evident before the stall
and the stall occurred because of a sudden failure of the
separated Jaminar boundary layer near the leading edge
to reattach to the airfoil surface. Maximum lift was
followed by a large loss'of lift. Increasing the leading-
edge radius increased maximum lift and the angle of
attack for maximum lift; however, the stall remained
abrupt with a large loss of lift beyond the maximum,
The nose flaps and increased camber near the leading
edge in conjunction with an inecreased leading-edge
radius provided additional increases of maximum lift;
however, again a large loss of lift followed. With &
leading-edge radius of 0.085 chord added completely
below the upper surface of the basic airfoil, a maximum
lift coefficient of 1.71 was obtained. Some of the modi-
fications tested initiated turbulent separation near the

trailing edge a2long with the increase of maximum lift;

however, the stall appeared to be controlled by a sudden
failure of the separated laminar boundary layer near
the leading edge to reattach to the airfoil surface.

Results have recently been obtained of tests in the
Langley two-dimensioml low-turbulence tunnels of
leading-edge slats on two airfoils of 9- and 12-percent
thickness to investigate means of improving the maxi-
mum lift and stalling characteristics of thin wings nec-
essary for high-speed flight. The results indicated
that, in combination with a split trailing-edge flap, the
leading-edge slat increased the maximum section lift
coefficient by 0.81 and 0.60 on the 9- and 12-percent-
thick airfoils, respectively. The slats also increased
the angle of stall and caused the stall to become more
gradual.

Although sharp-edged airfoil sections offer consid-
erable promise for application to certain supersonic
aircraft, they have a low maximum lift and a rapid
increase of drag with lift at low speeds. An investiga-
tion of nose and trailing-edge flaps on a modified dou-
ble-wedge section was therefore undertaken in the Ames

7- by 10-foot wind tunnel to evaluate the effects of these
flaps on the aerodynamic characteristics of the section.
The basic airfoil section with flaps undeflected had a
maximum lift coefficient of 0.84, With the trailing-edge
flap deflected 60° and the 0.16-chord nose flap deflected
30°, a maximum lift coefficient of 1.98 was obtained.
Variation of the chord of the nose flap had little effect
on the maximum lift; however, the effect on the angle
of attack for zero lift was rather pronounced. In-
creasing the deflection or the chord of the nose flap
or the deflection of the trailing-edge flap resulted in
more negative pitching moments. Considerable reduc-
tions of drag at high lift coefficients were noted for
suitable combinations of nose-flap and trailing-edge-
flap deflections. The lift coefficient for minimum drag
increased with increasing chord of the nose flap with
the net result that the largest chord flaps provided the
least drag at the highest lift coefficients.
Wings

An exploratory investigation to determine the aero-
dynamic effects of camber on a 60° apex triangular-
wing model has been conducted in the Langley 300-mph
7- by 10-foot tunnel. Camber variation was accom-
plished through the deflection of full-span round-leacd-
ing-edge flaps and 25° beveled-leading-edge flaps on a
flat-sided, triangular-plan-form wing.

A 63° sweptback wing being studied in several of the
facilities of the Ames Laboratory has been investi-
gated in the 7- by 10-foot wind tunnel to evaluate the
effectiveness of various controls and lift-inereasing de-
vices. The results indicate a radical reduction of lon-
gitudinal stability at moderate lift coeflicients for the
basic wing. The reduction of stability was roughly
equivalent to a 50-percent mean-aerodynamic-chord
shift in neutral point. The large reduction of longi-
tudinal stability can be delayed to a higher lift coefli-
cient by incorporating either a full-span nose flap or
drooped nose with a half-span split flap at the trailing
edge and utilizing an elevon for bulance.

The stalling and maximum lift characteristics of
wing plan forms suitable for current high-speed air-
plane designs have required a large amount of research
effort. These characteristics are strongly affected by
Reynolds number. Facilities capable of tests at essen-
tially full-scale Reynolds numbers are required. Re-
sults from the Langley low-turbulence, Langley full-
scale, Langley 19-foot, Ames 40- by 80-foof, and Ames
12-foot tunnels can be used to predict the behavior of
air flow on wings at landing speeds.

A series of swept wings has been designed on the
basis of the analysis presented in Technical Note 1772
to determine at large scale the extent to which eamber
and twist will improve the low-speed characteristics of
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thin sweptback wings. Wings having 45° and 60° of
sweepback and three values of twist and camber have
been investigated in the Ames 40- by 80-foot wind tun-
nel. The results show that even moderate twist and
camber, such as appear suitable for high-speed flight,
will produce marked improvements in the low-speed
characteristics of such wings. It is anticipated that
further refinement will enable full realization of the
theoretical possibilities of these wings which are con-
gsiderably better than those of untwisted, uncambered
swept wings.

An analytical study has been made of the landing-
flare paths of hypothetical airplanes covering a wide
range of maximum lift coefficient, wing loading, and
lift-drag ratio. Generalized charts as well as a step-
by-step method of analysis are presented in Technical
Note 1930 for predicting the power-off landing-flare
characteristics covering the conditions of various types
of high-lift devices. From power-off considerations,
airplanes having very low lift-drag ratios and high
stalling speeds require excessive horizontal landing dis-
tances, high rates of descent, and high altitudes at the
start of the flare maneuver. These landing considera-
tions are expected to have considerable influence on the
ultimate selection of wing configurations for high-speed
airplanes.

The low-speed characteristics of an equilateral tri-
angular wing having 10-percent-thick biconvex sections
have been determined in the Langley full-scale tunnel.
The effects of flaps on the maximum lift coefficient and
on the lift-drag ratio were determined, and an analysis
was made of the corresponding power-off landing char-
acteristics. The effects of a fin on lateral and direc-
tional stability were also determined.

The effects on maximum lift of variations in the span
and deflection of trailing-edge split flaps, operating in
conjunction with a 0.58-span leading-edge flap on a wing
of 42° sweepback and aspect ratio of 4, have been in-
vestigated in the Langley 19-foot pressure tunnel. The
maximum-lift results were evaluated in terms of the
landing characteristics in order to define the optimum
combination of leading-edge and trailing-edge flaps.

An investigation was made in the Langley two-
dimensional low-turbulence pressure tunnel of a semi-
span model of a 42° sweptback wing of aspect ratio 4,
which had previously been tested in a full-span arrange-
ment in the Langley 19-foot pressure tunnel, to obtain
an indication of the validity of the semispan method
of obtaining aerodynamic data in this particular ar-
rangement. This investigation indicates that data ob-
tained from semispan-wing tests may be expected to
be in good agreement with data obtained from full-
span tests of the wing alone except for unusually sensi-
tive configurations, where the lift distribution is such

that small disturbances produced by the tunnel-wall
boundary layer may cause a radical change in the loca-
tion of the original stall or in the manner in which the
stall progresses. '

Boundary-Layer Investigations

Boundary-layer studies. A continued study of the
boundary-layer and stalling characteristics of airfoil
sections in the Ames 7- by 10-foot wind tunnels has
added much to the understanding of the mechanism of
the stall of thin airfoils. It has been shown that there
are, in general, three types of airfoil stall: (1) That
resulting from turbulent separation beginning near the
trailing edge and gradually progressing forward along
the airfoil upper surface as the angle of attack is in-
creased; (2) that resulting from the sudden failure of
a separated boundary layer near the leading edge to re-
attach to the airfoil upper surface at the angle of attack

for maximum [ift; and (3) that resulting from the

separation of flow from the leading edge but reattach-
ing to the airfoil surface at positions progressively
farther downstream as the angle of attack is increased.
The first type of stall appears on relatively thick air-
foil sections and the last type is evident on thin, sharp-
edged sections. The intermediate type appears on sec-
tions of moderate thickness. These types of stall are
found separately or in combination, depending on the
airfoil under consideration.

The results of Technical Note 189+ indicate that for
an NACA 63009 section there was a short region of
separated laminar flow near the leading edge prior to
the attainment of maximum lift. The separated region
decreased in extent as the angle of attack was in-
creased. Maximum lift was attained when the sepa-
rated laminar bouridary layer failed to reattach to the
airfoil surface. Other tests have shown that, with a
modified double-wedge section, 2 form of separation ap-
peared at the leading edge for a very low angle of attack
and the separated region increased in extent as the angle
of attack was increased. The flow over the NACA 63-
009 section for angles of attack greater than that for
maximum lift was similar to the flow over the double-
wedge section for angles of attack less than that for
maximum lift, Tests of an NACA 641006 section
(Technical Note 1923) have indicated that, at an angle
of attack of about 5°, the flow changed abruptly from
a type similar to that for the NACA 63-009 section
before its stall to a type similar to that for the modified
double-wedge section before its stall.

Boundary-layer control. An extensive study of the
use of boundary-layer control as a means of improving
the aerodynamic characteristics of airfoil sections is
under way in the Langley low-turbulence section.

An investigation was made to determine the effective-
ness of boundary-layer control together with relatively
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small deflections of a plain flap as a means of increasing
the lift-drag ratio. The boundary-layer control was
applied through a single suction slot located just be-
hind the hinge line of the plain flap. The airfoil em-
ployed in the two-dimensional investigation was the
NACA 65, 3-418. The results indicate that the maxi-
mum ratio of lift to total drag of finite-span wings
made up entirely of NACA 65, 3418 gairfoil sections
would not be improved by this type of boundary-layer
control if the wings were in the aerodynamically
smooth condition. For the rough surface condition, the
results indicate that the boundary-layer control would
inerease the maximum ratio of 1ift to total drag.

Wing sections suitable for high-speed applications
usually stall abruptly with a large loss of lift at rela-
tively low values of maximum lift because of the failure
of a separated laminar flow near the leading edge to
reattach to the airfoil surface. It has been demon-
strated previously in the Ames 7- by 10-foot wind tun-
nel that a suction slot near the leading edge was effective
in delaying the complete flow separation, and increased
the maximum lift about one-third above that of the
basic section. Turbulent separation occurred at the
trailing edge prior to the attainment of maximum lift;
however, it could not be shown that the stall was en-
tirely the result of turbulent separation. To determine
whether or not the nose slot was capable of holding the
flow on the surface at higher values of lift, a second
suction slot was installed at the midchord of the model
to control the growth of the turbulent boundary layer
over the rear portion of the model. It was found that
the operation of the midchord slot in conjunction with
the nose slot resulted in substantial gains in maximum
lift over that obtained with nose suction alone. The
cause of the stall with combined nose and midchord
suction is uncertain; however, it was demonstrated that
the nose suction slot combined with the midchord slot
was effective at lifts greater than maximum lift with
the nose slot alone.

An exploratory investigation was made at the Lang-
ley Laboratory of boundary-layer control through a
porous leading edge as a means of delaying leading-
edge separation and thus increasing the maximum lift
coefficient. The NACA 614212 airfoil was employed
in the investigation. The results, which are reported in
Technical Note 1741, indicate that the effectiveness of
the boundary-layer contro! in improving the maximum
lift coeflicient is about the same as would be obtained
from a well-designed leading-edge slat.

A study has been undertaken at the Ames 40- by 80-
foot wind tunnel to determine the possible gains result-
ing from the application of boundary-layer control to a
sweptback wing by means of porous suction at the lead-
ing edge in conjunction with circulation control. Pre-
liminary results have established that the porous suction

must be applied over the entire span of the leading edge
and over about 5 percent of the chord. With such con-
trol it was found possible to delay the appearance of
leading-edge separation to at least the exient possible
with leading-edge flaps. With the general requirements
determined from the preliminary tests it is anticipated
that further studies will yield a distribution of leading-
edge suction producing even more favorable results.

The problem of reducing the profile-drag coeflicient
of airfoils by increasing the relative extent of laminar
flow was considered in some detail at the Langley Lab-
oratory. A two-dimensional wind-tunnel investigution
reported in Technical Note 1905 was made of an NACA
64A010 airfoil having a porous surfuce of sintered
bronze to determine the reduction in section drag coeffi-
cient that might be obtained at large Reynolds nwunbers
by the use of continuous boundary-layer suction through
the surfaces of the model. Combined wake and suction
drags lower than the drag of the plain airfoil were
obtained up to Reynolds numbers of 8,000,000. T'he
model surfaces were neither aerodynamically smooth
nor fair, which indicated that the suction had some sta-
bilizing effect on the laminar boundary layer. Net drag
reductions could not be obtauined with this model at
Reynolds numbers higher than 8,000,000,

The study of the application of boundary-Inyer con-
trol to a sweptforward wing has been completed at the
Ames 40- by 80-foot wind tunnel. Satisfuclory leading-
edge flaps were found and boundary-layer control slols
were placed at various chordwise and spanwise positions
on the wing upper surface. The optimum position for
applying boundary-layer control, however, was found
to be a slot placed in the fuselage next to the wing upper
surface and extending a short distance fore and aft of
the hinge line of the nose flap.

In an effort to clarify the present status of research on
boundary-layer control and its possible applications in
geronautics, a survey and evaluation were made of the
results obtained from numerous individual investiga-
tions of various applications of boundary-layer control.

The results of the survey indicate that suflicient in-
formation is not available to permit the practical appli-
cation of some types of boundary-layer control and that
other types do not promise sulficient inereases in air-
plane performance to warrant their use. The applica-
tion of boundary-layer control which appears to offer
the most immediate promise of improved airplane per-
formance is the use of suction to eliminate turbulent
separation over the rear of very thick airfoils. The
prevention of turbulent separation on such airfoils per-
mits their use as root sections of wings having very high
aspect ratio. This application should result in sub-
stantial improvements in lift-drag ratio and range of
long-range relatively slow aircraft.
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Research on the use of multiple slots for the control
of the laminar boundary Inyer has shown in general that
at low Reynolds numbers it is possible to extend the
laminar layer in a region of adverse pressure gradient
practically to the trailing edge of an airfoil with a small
expenditure of power, such that large net drag savings
were realized. Studies are under way in an attempt to
achieve extensive laminar flow at flight values of the
Reynolds numbers.

Research Equipment and Techniques

Nerw wind tunnels. Several new supersonic research
facilities were put into operation during 1940. Among
these facilities were three large supersonic tunnels, the
4 by 4-foot wind tunnel at the Langley Laboratory, the
6- by 6-foot wind tunnel at the Ames Laboratory, and
the 8- by 6-foot wind tunnel at the Lewis Laboratory.
The first two of these tunnels are of the variable-pres-
sure type which permits investigations to be carried out
over a range of Reynolds number. A range of super-
sonic Mach number is provided for in all three tunnels.
In the Langley tunnel, Mach number variation is ac-
complished in fixed increments by means of flexible walls
which are held to the correct shape by means of tem-
plates; the Lewis tunnel utilizes flexible walls which are
continuously adjustable; and the Ames tunnel utilizes
a new type of asymmetric supersonic nozzle which, like
the Lewis arrangement, permits the Mach number of
the tunnel to be varied continuously.

Blow-down tunnel instrumentation. Many wind
tunnels of the blow-down type, in which air is com-
pressed in a Jarge chamber and then released through
the tunnel, are limited to test runs of a very short dura-
tion. Measurements in these tunnels are either of tran-
sient phenomens which are continuously and rapidly
changing or of quantities which attain a steady value
for only a fraction of a second. One of these tunnels
has a steady-state run of approximately 0.02 second
during which measurements can be made. The instru-
mentation included a strein-gage sting balance for
messurement of drag on the model, shadowgraph equip-
ment for obtaining photographs of the rapid develop-
ment of the shock pattern caused by the model, and
controls to synchronize the instruments within the brief
running time,

Wind-tunnel corrections. Inthe Langley full-scale
analysis section several studies have been made of the
problem of corrections for wind-tunnel-wall interfer-
ence on test results. In Technical Note 1748 is given
a general graphical procedure for calculating tunnel-
induced-upwash angles for swept and yawed wings,
both at the wing and at the tail. The required charts
for a number of existing wind tunnels are included in
the paper. In Technical Note 1826 an exhaustive analy-

sis has been made of the wind-tunnel interference in
open wind tunnels with consideration for the effect of
the closed entrance and exit bells. This study was made
primarily in order to determine corrections for heli-
copter tests in the Langley full-scale tunnel, where the
large rotor disk extends so far forward that the presence
of the entrance bell cannot be neglected. The report
discusses the basie phenomena involved, derives methods
for determining the interference, and presents many
calculated results.

Computations have been made in the Langley 7- by
10-foot-tunnels section in which the numerical values
of the calculated boundary-induced-upwash angles nec-
essary for the determination of the jet-boundary cor-
rections for swept reflection-plane models mounted ver-
tically in 7- by 10-foot, closed, rectangular wind tun-
nels have been evaluated. A few calculations made by
using these values of upwash indicated that, for plan
forms having taper ratios of about 14, sweep has es-
sentially no effect on the correction. Except for ex-
treme cases of inverse taper the effect of sweep on the
average induced angle appears to be less than 10 per-
cent for sweep angles up to 60°. The results of this
investigation are presented in Technical Note 1752.

Study of airspeed indicator installations. Calibra-
tions of the static-pressure or “position” errors of the
service airspeed installations of 10 present-day air-
planes are presented in Technical Note 1892. Tests were
conducted fromn speeds near the stall to maximum indi-
cated speeds not exceeding 260 miles per hour. Analy-
sis of the data presented showed that the static-pressure
error for static vents on the rear section of the fuselage
remained approximately constant with angle of attack
and became more negative with flap deflection. The
static-pressure errors for the wing, fuselage-nose, and
vertical-tail installations became more negative with in-
creasing angle of attack and more positive with flap
deflection ; the effect of engine power for these installa-
tions followed no consistent trend.

Response of pressure-measuring systems. Of
major interest in many test installations is the response
of pressure-distribution systems to rapidly varying
pressures, both where these pressures must be accurately
measured and where unwanted oscillations must be fil-
tered out or eliminated. Technical Note 1819 presents
a method for calculating the response of pressure-
measuring systems to steady-state sinuosoidally varying
pressures. The pressure system is assumed to consist
of an inlet restriction, tubing length, and connected in-
strument volume. The material presented is limited
by the fact that no theoretical method of predicting
the attennation characteristics of the tubing is given.
This Iimitation is not severe, however, as these charac-
teristics may be experimentally determined for given
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tube sizes and pressure frequencies. Experimental
data for some sample systems tested are presented and
show good agreement with calculated values. The re-
sults are presented in such fashion that the qualitative
effect of varying the dimensions of system components
is apparent. It is therefare possible, once the attenua-
tion characteristics of the tube are determined, to design
a system with a required frequenhcy response.

SUBCOMMITTEE ON HIGH-SPEED
AERODYNAMICS

Airfoils and Wings at Transonic Speeds

The study of airfoils at high speeds has continued
to receive emphasis in the Comimnittee’s research pro-
grams. Several airfoil investigations were completed
in 1949. A static-pressure investigation of the two-
dimensional flow field in the neighborhood of two
NACA 6-series airfoils at high subsonic speeds was
conducted in the Langley rectangular high-speed tunnel
and is reported in Technical Note 1873. Pressure meas-
urements were made by means of a large number of ori-
fices in the model end plate which was fitted flush with
the tunnel wall. Reasonable agreement between theory
and experiment was obtained for Mach numbers up to
the critical values except at high angles of attack,

A two-dimensional pressure-distribution investiga-
tion of NACA 64,-012 and 64,A 012 airfoils was carried
out in the Langley rectangular high-speed tunnel {o
determine the effect of removing the cusp from the
trailing edge. A similar investigation on thinner sec-
tions was carried out in the Ames 1- by 8l4-foot high-
speed wind tunnel in which the NACA 64-010 and
64A010 airfoils were employed. A study was made in
the Langley rectangular high-speed tunnel of eight 6-
percent-thick airfoils incorporating sharp and round
leading edges. The aerodynamic characteristics of each
airfoil were determined from the pressure-distribution
data. A new gseries of airfoil sections, designated the
NACA 8-series, was designed to have favorable lift
characteristics at supercritical Mach numbers. Expec-
tations were confirmed by results of wind-tunnel inves-
tigation to the extent that little or no variation in lift
coefficient was found up to Mach numbers of about 0.9
at the constant design angle of attack. It wasnot found
possible, however, to improve the lift-curve slope or the
drag at supereritical speeds by use of these airfoils.

The linearized equations of compressible flow were
studied for the case of near-sonic speeds and results
were obtained for the time-dependent motion of two-
dimensional airfoils and for particular steady-state
three-dimensional lifting-surface problems at Mach
number 1. These results have been reported in Techni-
cal Note 1824. Studies in the Langley 18-foot high-
speed tunnel of the effects of compressibility on the

maximum lift characteristics of unswept wings have
been extended to include the effects of deflected split
flaps as reported in Technical Note 1759. The flaps
were shown to be effective in producing increases in
maximum lift at all speeds up to the maximum test value
(M=0.7). Although the flaps increased the values of
maximum lift over the test speed range, the trend of
maximum lift with the increasing Mach number was
similar to that previously shown for plain wings. Fur-
ther studies on other wings employing different airfoil
sections have been made to investigate the effect of air-
foil section on wing maximum lift characteristics (Tech-
nical Note 1877).

A systematic series of several unswept wings of vary-
ing aspect ratio has been investigated at large scales and
high subsonic Mach numbers in the Ames 16-foot high-
speed wind tunnel. A thin unswept wing of low aspect
ratio has been investigated at the .Ames Laboratory by
means of the NACA wing-flow method and the results
have been compared with wind-tunnel results and with
subsonic and supersonic wing theory.

The merits of the swept-wing plan form at transonic
speeds have been established qualitatively from both
theoretical and experimmental investigations. The full
exploitation of such plan forms, however, requires fur-
ther investigation. Several investigations were niade
during the past year which will add to the body of in-
formation required for proper design of such wings.
An investigation was conducted in the Ames 12-fool
low-turbulence pressure wind tunnel on a swept wing
having 37° sweepback of the leading edge. The aero-
dynamic characteristics and load distribution for this
wing were measured and compared with theoretical
estimates for Mach numbers up to 0.94 at constant
Reynolds numbers in the range from about 1,000,000 to
3,000,000. A theoretical method for defining eritical
flow conditions at high Mach numbers was found to be
in good agreement with experimental results and thus
to offer a satisfactory means by which the Mach number
for drag divergence could be estimated for this wing.
Further investigation is required to establish the degree
of applicability of the results to other swept wings and
to problems related to the effects of fuselage and na-
celle interference on such wings.

A coordinated research program to determine the
characteristics of a configuration incorporating a wing
of 63° sweepback has been continued. A model of this
configuration has been investigated over a wide range
of subsonic and supersonic Mach number in the Ames
1~ by 814-foot high-speed wind tunnel and another
model incorporating certain special featurcs designed
to improve its characteristics has been investigated at
relatively large scale and high subsonic Mach numbers
in the Ames 12-foot high-speed tunnel.
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A study was made 1 the Langley 8-foot high-speed
tunnel to determine the effects of the addition of a tri-
angular area ahead of the inboard part of a conven-
tional swepthack wing. The addition of this area
formed a wing with two stages of sweepback. Results
were obtained for a Mach number range of 0.40 to
about 0.94.

As part of a special research program recommended
by the Special Subcommittee on the Aerodynamic Prob-
lems of Transonic Aircraft Design, a systematic series
of wing-body combinations has been investigated in the
Langley high-speed T- by 10-foot tunnel over a Mach
number range of about 0.60 to 1.18, using the transonic-
bump test technique. Lift, drag, pitching moment,
root bending moment, and the effective downwash angles
and dynamic pressures in regions of possible t2il loca-
tions were measured.

The freely falling body technique continued to be
used during the past year to investigate the effects of
wing sweep, taper, and thickness ratio on the zero-lift
drag of a number of wing-body configurations in the
transonic speed range.

The triangular-wing plan form continues to be of in-
terest and several investigations have been condueted
in the past year at transonic speeds on such plan forms.

Two downwash investigations were made in connee-
tion with the NACA transonic research airplane pro-
gram. Caleulations were made to determine from lin-
earized theory the downwash at the tail of the X-1
airplane at supersonic speeds and the effect of the down-
wash on the elevator deflection required for trim. De-
tailed experimental measurements of downwash angle
were made in the Langley 8-foot high-speed tunnel for
a model of the D-558-1 airplane at high subsonic speeds.
Wings at Supersonic Speeds

The source-distribution method for analyzing the
steady flow over thin finite wings at supersonic speeds
has been extended in Technical Note 1699 to permit the
prediction of slowly varying, unsteady load distribu-
tions over finite wings. Similarly, the simplified method
of determining lift distribution for thin three-dimen-
sional wings of fairly general plan form has been ap-
plied to predict the load distributions for a wing in
steady roll and pitch (Technical Note 1689).

The explicit evaluation of the suction forces along
subsonic leading edges of a family of wings at super-
sonic speeds (Technical Note 1718) led to the conclu-
sion that higher lift-drag ratios may be obtained with
curved than with straight-line, plan-form boundaries.

A theoretical method was developed in Technical Note
1786 for obtaining the aerodynamic forces acting on
thin wings in an irrotational nonuniform supersonic
stream. In addition, the source-distribution method

COMMITTEE FOR AERONAUTICS 11

was applied to estimate the properties of a ring airfoil .
(Technical Note 1678).

The results of the linesrized theory for the loads on
thin wings at supersonic speeds have been compared
with experimental values obtained in the Lewis 18- by
18-inch supersonic tunnel at a dMach number of 1.9.
Other experiments are being conducted to check the

. accuracy of theoretical methods.

Experimental studieshave indicated that the optimum
airfoil shape for two-dimensional supersonic flow is not
necessarily that indicated from theoretical considera-
tions based on 2 nonviscous flow. .An investigation at
supersonic speeds in the Ames 1- by 3-foot supersonic
wind tunnels has indicated that principles other than
those heretofore considered may lead to airfoil sections
with improved characteristics.

An experimental investigation in the new Ames 6- by
6-foot supersonic wind tunnel was conducted to meas-
ure the load distribution over a 63° sweptback wing at
several supersonic speeds. This investigation was part
of the coordinated research program on this configura-
tion mentioned in the preceding section. Anotherstudy
of the same configuration to determine lift, drag, and
moment characteristics has been carried out in the Anies
1- by 3-foot supersonic wind tunnel at a AMach number
of 1.5.

An extensive investigation of triangular wings was
made in the Langley 9-inch supersonic tunnel. The
investigation included tests of 22 triangular wings of
2 airfoil sections and 11 apex angles at Mach numbers
of 1.6, 1.9, and 2.4. One series of 11 wings had double-
wedge sections and the other series had sections with
elliptical leading edges.

The downwash and wake behind unswept, swept, and
triangular wings have been measured at supersonic
speeds in the Ames 1- by 3-foot supersonic wind tunnel
No. 1. The results have been compared with available
Yinearized theory.

Bodies and Wing-Body Interference

Analyses are being conducted to determine the load
distributions and the aerodynamic characteristics of
arbitrary thin bodies at supersonic speeds. An approx-
imate method for obtaining the flow around thin arbi-
trary conical bodies at supersonic speed by the use of
linearized theory is reported in Technical Note 1659.
This method was extended to simplify the deseription
of angle-of-attack and yaw effects. Experimental re-
sults have been obtained on an elliptic cone in an inves-
tigation conducted to check this theory. A graphical
method was presented in Technical Note 1768 by which
the approximate pressure distribution on a slender ar-
bitrary body of revolution moving at supersonic speeds
may be calculated with appreciable saving of time.
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Experiments were conducted on an asymmetrical
nonconical body to determine pressure distributions on
a typical fuselage of a supersonic airplane. An attempt
to estimate the theoretical loads on this body led to the
discussion of three-dimensional characteristics pre-
sented in Technical Note 1849, In another investiga-
tion the method of characteristics was applied to the
determination of the exact nonviscous supersonic pres-
sure distribution around bodies of revolution at small
angles of attack. The system developed considers the
effect of the variation of entropy due to the curved
shock and is described along with two practical methods
for numerical calculation in Technical Note 1809.

An investigation was conducted in the new Langley
4- by 4-foot supersonic tunnel to determine the pressure
distribution over the fuselage of a supersonic airplane
model with and without canopies. Experimental re-
sults have been compared with theoretical calculations
and analytical procedures have been evolved for the
caleulation of canopy pressure distributions.

A method has been developed for evaluating from
shadow or schlieren photographs the pressure drag of
axially symmetric and two-dimensional bodies operat-
ing with detached shock. The method which is de-
scribed in Technical Note 1808 can be used also to
determine the external drag of supersonic inlets with
detached shocks and to evaluate the external shocks
of perforated inlets.

The pressure drags of a blunt-nose and sharp-nose
body were measured at transonic speeds by means of
the wing-flow method and the results compared.

Investigations of wing-body and wing-nacelle inter-
ference at supersonic and transonic speeds have been
conducted. Theoretical methods have been developed
for the prediction of the mutual interference between
a body and either a single wing or a cruciform wing at
supersonic speeds. Two reports have been published
(Technical Notes 1662 and 1897), giving the load dis-
tribution, lift, side force, pitching moment, and yawing
moment for configurations of the missile type.

An experimental investigation has been conducted to
study means for increasing the force-divergence Mach
number of swept-wing-body combinations. A method
for alleviating the adverse interference between swept
wing and body was tried which involved the contouring
of the fuselage sides to conform to the normal path of
the streamlines of a swept wing. Theoretical calcula-
tions of the contours required were discussed in a pre-
vious annual report. A second method involving modi-
fications to the wing-root section was also investigated
experimentally.

The effects of a nacelle on the aerodynamic character-
istics of a swept wing have been investigated in the
Langley 16-faot, high-speed tunnel up to Mach numbers
of 0.61 for the wing-nacelle combination and (.70 for

the wing alone. The results which are published in
Technical Note 1709 show that the presence of the

~nacelle had no effect on the lift-curve slope of the un-

swept wing, increased the lift-curve slope about 10 per-
cent with the wing swept back 45°, and deereased the
lift-curve slope slightly with the wing swept forward
45°, The presence of the nacelle did not appreciably
alter the stalling characteristics of the 45° sweptfor-
ward and sweptback wings but caused an appreciable
reduction in maximum lift for the wing in the unswept
position. The drag increment due to the nacelle was
generally lower for the swept configurations than for
the unswept case. Addition of the nacelle {o the wing
reduced the longitudinal stability of all the swept wings.

The external-store problem continues to be of impor-
tance. The rocket-propelled-model technique was uti-
lized to determine the drag increments at (ransonic
speeds due to the presence of strut-mounted wing tanks
of moderate fineness ratio on a sweptback wing.

SUBCOMMITTEE ON FLUID MECHANICS

Viscous Flows

A fundamental knowledge of boundary-layer ple-
nomena at high speeds has assumed increasing impor-
tance to the aerodynamicist. During the past year a
study was made of the behavior of the laminar bound-
ary layer in compressible flow, following procedures
evolved previously for the incompressible case; the re-
sults were reported in Technical Note 1805. Theoretical
considerafions indicate that with the usual assumptions
of boundary-layer theory the separation point of the
steady compressible laminar boundary layer is inde-
pendent of Reynolds number when the Mach number,
the gas properties, and the velocity and {emperature
profiles do notchange with Reynolds number. For the
same conditions the boundary-layer thiclmess is in-
versely proportional to the square root of the Reynolds
number.  Separation of the laminar boundary layer
occurs only when the static pressure along the surface
rises in the direction of the flow.

The flow over the blunt base of bodies and over blunt
trailing edges of wings is important from drag consid-
erationsin supersonic flow. Asa fundamental approach
to these problems an analytical study was made of the
phenomena of laminar mixing in a compressible fluid
and reported in Technical Note 1800. Detailed velocily
profiles were computed for free-stream Mach numbers
from 0 to 5.0. The effect of various assumptions for the
change of viscosity with absolute temperature was
considered.

The free turbulent mixing of & supersonic jet of Mach
number 1.6 has been experimentally investigated and the
results have been reported in Technical Note 1857. An
interferometer was used in the investigation to measure
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density and velocity distributions through the mixing
zone. Velocity distribution was found to be similar to
the distributions for incompressible jets only over the
subsonic part of the mixing region.

An investigation was undertaken to study certain in-
terference effects arising from tunnel-wall boundaries
in airfoil investigations at supersonic speeds. The re-
sults of the investigation indicate that for airfoil models
mounted from the wall of a supersonic tunnel large
pressure disturbances over parts of the model can result
from shock-wave propagation into the stream due to 2
thickened tunmel-wall boundary layer at the model
location.

Compressible Flows

The results of & study of the subsonic flow past an
infinitely long corrugated circular cylinder are pre-
sented in Technical Note 1850 to show the relation be-
tween two-dimensional and three-dimensional axisym-
metrical flow. A solution is obtained which contains
as limiting cases both the Prandtl-Glauert correction
for two-dimensional flow and the Gothert correction for
the flow past slender bodies of revolution. Included
also are velocity-correction formulas for a cylinder with
a single bump and for a corrugated cylinder in the
presence of walls.

In connection with the use of the hodograph method
of treating plane potential compressible fiows, various
hypergeometric functions that arise as particular solu-
tions of Chaplygin’s differential equation have been
tabulated in Technical Note 1716. These tables should
prove useful in the tabulation of other auxiliary func-
tions arising in various compressible-flow problems.

A number of investigations have been made by several
educational institutions, under contract to the NACA,
relative to the theory of compressible flows past two-
dimensional airfoils. Among these investigations was
astudy made at Harvard University of the supercritical
flow past an NACA 0012 airfoil (Technical Note 1746).
Relaxation methods were employed to caleulate the
pressure distribution, and the results were observed to
agree qualitatively quite well with experiment. In a
contract investigation by Brown University, reported
in Technical Note 1875, the application of the method
of operators to the study of two-dimensional compres-
sible flows was extended to the case of supersonic flow
patterns.

The analytical methods that appear to be best suited
for the treatment of two-dimensional supersonic flows
with detached shocks have been reviewed in Technical
Note 1858. A short discussion of the application of the
methods regarded as reliable in the transonic range is
included.

Interest has increased recently in the theory and
application of unsteady flows. Experimental measure-

ments and theoretical caleulations have been made for
unsteady flows in passages of constant cross-sectional
area. The flow considered included expansion zones,
discontinuous compression fronts, temperature contact
discontinuities, and reflections and interactions of these
quantities. Agreement of experimental pressure-time
measurements and discontinuity position and configura-
tion with the theory is very good.

An extended point-by-point method has been devel-
oped and described in Technical Note 1878 for the cal-
culation of unsteady flows through tubes with variable
cross sections containing strong shocks and large tem-
perature contact discontinuities. Calculations were
made of the flow pattern ereated by the bursting into a
vacuum of a diaphragm at the minimum section of a
supersonic nozzle.

Gas Dynamics

The extreme altitudes at which sounding rockets and
missiles operate have introduced a new field of funda-
mental aerodynamic research. At these altitudes the
air must be considered as composed of individual mole-
cules rather than as being a continuous medium. New
facilities have been put into operation for exploring the
phenomena encountered in very low density fiows. Dif-
ficult problems of technique have been encountered in
the design of these facilities and the greater part of the
effort to date has been concentrated on the development
of research methods. One example of these problems is
in the visualization of low-density flows. At very low
densities the schlieren technique for flow visualization
becomes impracticable or impossible. A new and prom-
ising method of flow visualization has been investigated
and reported in Technical Note 1900, in which the phe-
nomenon of afterglow was utilized.

A preliminary investigation of free-molecule flow
about transverse wires has been undertaken. Heat-
transfer and drag measurements have shown good
agreement with free-molecule theory.

Theoretical research on low-density flows has also
been conducted during the past year. Calculations have
been made using the methods of kinetic theory of the
temperature rise of uncooled flat plates traveling at
high speeds in the upper atmosphere. These calcula-
tions were reported in Technical Note 1682. A method
was derived in Technical Note 1821 by means of which
pressure measurements obtained behind an orifice on a
rapidly moving object may be used to determine the
ambient-air pressure. A comparison of the results ob-
tained by this method and that which considers the gas
to be a continuum shows the method based on the fluid
concept to be in error at altitudes which are attainable
with modern rockets.

An approximate method has been developed for the
extension of the properties of the incompressible lami-
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nar boundary layer on a flat plate into the slip-flow
region, using Karman’s momentum method. At equiv-
alent stations on the same body at the same Reynolds
number the total thickness and the skin friction of a
slipping boundary layer are less than those of the
normal boundary layer. The difference between the
slip and the normal boundary layer is small until slip
velocities at the wall become about one-third of the
free-stream velocity.

Very high supersonic wind-tunnel Mach numbers for
aerodynamic investigations are obtained by acceleration
of the air by means of a pressure difference so that the
random kinetic energy of the molecules is converted into
kinetic energy in the wind-tuinel test section. For very
high Mach numbers high stagnation temperatures and
pressures may be required which introduce effects of
vibrational heat capacity and of molecular forces and
size such that the perfect gas law and the assumption
of constant heat capacity may no longer be sufficiently
accurate. Iirrors in using the perfect gas law and the
assumption of constant heat capacity have been evalu-
ated. The variation of heat capacity is accounted for
by quantum mechanical considerations and the effects
of molecular forces and molecular size are accounted for
by use of van der Waals’ equation.

In the operation of supersonic wind tunnels in gen-
eral], the condensation of moisture in the air stream is an
important consideration because the formation of a con-
densation shock distorts and modifies the flow and
should therefore be avoided. A study has been made of
the limiting conditions under which a condensation
shock will form.

Aerodynamic Heating and Heat Transfer

Because of aerodynamic heating the operation of air-
craft at high speeds is dependent on the provision of
adequate insulation and cooling systems or on keeping
the time of high-speed flight short. Calculation of sur-
face temperatures and the design of coaling systems
are dependent on adequafe heat-transfer data and on 2
body of theory by which the data may be correlated and
application of the data extended. Experiments have
been conducted during the past year to determine heat-
transfer coeflicients at supersonic speeds. During the
course of this experimental work comparisons were
made with certain theoretical results which indicate a
stabilization of the laminar boundary layer when the
direction of the heat flow is from the boundary layer to
the surface.

Experimental results have indicated that heat-trans-
fer theories that assume a constant surface temperature
are in some respects inadequate. A general theory has
been developed by means of which temperature and
velocity profiles, heat transfer, and skin friction can be
calculated for laminar boundary layers on a two-dimen-~

sional or axially symmetric surface without pressure
gradient but with an arbitrary distribution of surface
temnperature.

A small supersonic wind tunnel designed expressly
for the investigation of heat transfer and related phe-
nomena has been placed in operation during the past
year. Thistunnel is ofthe variable-density type which
enables a large Reynolds number range to be obtained,
and has special provisions for assuring constant air
temperature and a low turbulence level. An investiga-
tion has been undertaken in which temperature-recovery
factors have been measured in the laminar, transition,
and turbulent boundary-layer regions of an insulated
flat-plate model.

An investigation was conducted at the Califurnia
Institute'of Technology, under contract with the NACA,
to study the flow and heat transfer in a heated turbulent
air jet. Measurements were made of the tolal pres-
sure and temperature fields in a round turbulent jet
with various initial temperatures, and the results have
been published in Technical Note 1865. One result was
that the jet spreads more rapidly as its density becomes
lower than that of the surrounding medium. Data on
shear stress and heat-transfer distributions were ob-
tained from these experiments.

SUBCOMMITTEE ON STABILITY AND
' CONTROL

Longitudinal Stability

To determine the static longitudinal stability char-
acteristics of complete models with swept wings af low
speeds, an investigation was conducted in the Langley
800-mph 7- by 10-foot wind tunnel. The longitudinal
stability characteristics with flaps deflected and re-
tracted were obtained for models having wings with
0°, 15°, 80°, and 45° of sweepforward and sweepback.
In addition, the effect of horizontal-tail location on the
longitudinal stability characteristics of a series of wing
and tail combinations was investigated. Similar (esls
were conducted at larger scale in the Langley 19-foot
pressure tunnel for a 42° and a 52° swepiback wing.
Results of these investigations were compared with
available theoretical and empirical methods for prediet-
ing longitudinal stability characteristics.

Downwash and dynamic-pressure characteristics be-
hind various swept wings have been investigated. The
results, including the aerodynamie-force characteristics
of the wings, have been reported in Technical Note
1708. It was found, for the range of configuration
investigated, that a low tail position provided {he most
satisfactory stability characteristics. The center line
of-the wake was found to be located in a higher posi-
tion for the sweptforward wings than for the swepthack
wings.



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 15

Other investigations of wing wake have included
measurements of both downwash and sidewash behind a
42° sweptback wing and an analytical study of the walke
of a triangular wing. This Iatter research has been
reported in Technical Note 1808. A method previously
developed was applied to calculate downwash in both
vertical and horizontal planes of symmetry.

The effects of propeller operation on the static longi-
tudinal stability of single-engine tractor monoplanes
have been investigated at the Langley Laboratory and
a method has been developed for computing power-on
pitching moments. The results of these studies are
presented in Technical Note 1722. The method devel-
oped to compute the power-on pitching-moment curves
evolved from a study of results of 28 wind-tunnel pow-
ered-model investigations and permits predictions of
power-on longitudinal stability characteristics that are
in good agreement with experimental results.

The effects of tail length and tail volume on the lon-
gitudinal stability characteristics of a powered model
of a propeller-driven low-wing single-engine airplane
were investigated at the Langley Laboratory. The re-
sults, presented in Technical Note 1766, show that the
destabilizing shift in the neutral point caused by power
effects increases with increasing tail length or increasing
horizontal-tail area.

Severe diving tendencies experienced on straight-
wing conventional aircraft at supereritical speeds have
been investigated at the Ames Laboratory. These div-
ing tendencies have been attributed in a large part to the
increase in angle of attack required to maintain a con-
stant lift coefficient as the speed increases.

Tests at the Ames Laboratory of two airplanes em-
ploying different airfoil sections were conducted to de-
termine the effect of airfoil modifications on the longi-
tudinal stability characteristics at supercritical speeds.
Contributions of the various airplane components to
the static longitudinal stability of the airplanes were
determined.

For certain supersonic speed ranges, design studies
have indicated that a thin sharp-edged wing without
sweep would have better performance characteristics
than other wing arrangements. The Ames 12-foot low-
turbulence pressure wind tunnel has been used for
investigation of an airplane configuration utilizing a
wing of this type at high subsonic speeds. In addition
to basic studies of the wing and fuselage combination,
various locations of the horizontal tail were investi-
gated. The resultsindicate that, at Ieast for one general
arrangement, there are no erratic effects of compres-
sibility on the longitudinal characteristics of the model
up to the highest Mach number investigated. In addi-
tion, the effects of leading- and trailing-edge wing flaps
were investigated to determine the maximum lift char-
acteristics of the configuration.

Lateral and Directional Stability

Lateral- and directional-stability problems, like the
longitudinal-stability problems, have multiplied and
assumed new importance with the increases in aircraft
speeds and the resultant changes in configurations.

Investigations of complete model configurations have
included a low-speed study of the static lateral stability
characteristics of a 52° sweptback wing. This investi-
gation conducted in the Langley 19-foot pressure tunnel
was undertaken to study the effects of Reynolds number,
leading-edge flaps, and wing-fuselage combination on
the lateral stability characteristics. The static and
rolling stability characteristics of triangular-wing

models having various aspect ratios, airfoil sections,and
vertical-fin arrangements have also been mvestlgated at

the Langley Laboratory. The effects of tail length and
tail volume on the lateral stability characteristics of a
powered model of 2 single-engine propeller-driven low-
wing airplane have been reported in Technical Note
1766, previously mentioned. This report shows that
the increase in directional stability caused by power
becomes larger as the tail length is increased. The
results also show that the tendency toward rudder lock
decreases in the positive yaw range as the tail length
inereases, but is unaffected in the negative yaw range.

Calculations of Iateral-stability derivative were
made for a group of wing plan forms suitable for su-
personic flight. Technical Notes 1700 and 1850 present
the results for the rolling moment due to sideslip and
the yawing moment due to sideslip, respectively.

An investigation to determine the effects of thick-
ness on the lateral force and yawing moment of side-
slipping triangular wings was conducted at the Lang-
ley Laboratory. This investigation was based on
linearized supersonic-flow theory and the results are
presented in Technical Note 1798. 1In this investiga-
tion, it was found that the contribution of wing thick-
ness to the values of the lateral-force and yawing-
moment stability derivatives is small in comparison
with the effects to be expected from a vertical tail.
Howerver, for some designs, the contribution of wing
thickness to the yawing-moment derivatives can be ap-
preciable.

The effect of varying the yawing moment due to
rolling over a wide range of values on the lateral oscii-
Iatory stability characteristics of a typical swept-wing

fighter has been investigated. The airplane loading
conditions were also varied to simulate an airplane with

and without wing-tip fuel tanks. Results of this inves-
tigation, presented in Technical Note 1723, show that
inereasing the yawing moment due to rolling in & posi-
tive direction increases the damping of the short-period
oscillation. For any given value of yawing moment

due to rolling, the addition of the wing-tip tanks de-

creased the damping of the short-period mode.
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A theoretical investigation was undertaken to de-
velop a simplified expression for the neutral-lateral-os-
cillatory-stability boundary. The results of this study
are reported in Technical Note 1727. The investigation
shows that, for particular combinations of the mass and
aerodynamic parameters, two neutral-oscillatory
boundaries exist, corresponding to the high- and low-
frequency modes of motion of the airplane. Simple
test functions were derived which, if satisfied, indicate
that these expressions may be used to approximate the
neutral-stability boundary. The results obtained by
the simplified expression are in good agreement with
the results of more exact calculations.

A study was made of the lateral oscillatory mode of
motion to determine a boundary which defines satisfac-
tory relationships between the period and damping of
this mode of motion for a given criterion. This analy-
sis reported in Technical Note 1859 resulted in the
development of a method which can define the relation-
ship between period and damping for a given set of
requirements. The report also presented a method by
which curves representing a constant rate of spiral
divergence may be constructed. The methods pre-
sented in this report are applicable to both lateral- and
longitudinal-stability analyses.

The effects of various design parameters on the lat-
eral-stability characteristics of a glider pulled by a
single towline were experimentally investigated in the
Langley free-flight tunnel. The effects of varying effec-
tive dihedral, directional stability, relative density, tow-
line-attachment location, and towline length were
determined from model flight tests. The results of this
investigation show that it is possible to obtain lateral
stability with a single towline. An approximate
theoretical analysis was also made and the results com-
pared with the model-flight-test results. The theory
predicted the existence of divergence and the periods
of lateral oscillations with fair accuracy although the
theoretical damping values were too conservative to be
of much practical value.

Rotary Stability Derivatives

Before calculations of the dynamic-stability char-
acteristics of an aircraft can be made, the rotary-sta-
bility derivatives of the design must be known. The
range of values of these derivatives and their relative
importance have been greatly affected by changes in
aircraft configuration. Research studies of these de-
rivatives (yawing, rolling, and pitching) have been
continued by the NACA laboratories with much of the
low-speed experimental work being conducted by the
use of the rolling and curved-flow facilities of the
Langley stability tunnel.

Rotary-derivative investigations in the Langley sta-
bility tunnel have covered pitching derivatives of

wings, effects of airfoil section on rolling and yawing
derivatives, effect of addition of wing-leading-edge
slats on the derivatives of swept and unswept wings,
and rolling stability derivatives of a series of thin
sweptback wings. The results of an experimental in-
vestigation of the effect of geometric dihedral on the
rolling stability derivatives are presented in Technical
Note 1732. A comparison of these data with current
methods of calculation indicates the effects of geometrice
dihedral can be predicted with fair accuracy.

Empirical corrections to the theoretical values of the
yawing moment resulting from rolling are presented in
Technical Note 1835. These corrections were developed
from experimental data and have been found to be gen-
erally reliable over a wide range of lift cocfficient.

A stability-tunnel investigation of the additional
spanwise wing loading caused by rolling has been re-
ported in Technical Note 1839. The wings investi-
gated covered a range of aspect ratio, sweep angle, and
taper ratio. These data can be used to determine the
damping-in-roll due to sideslip for wings with dihedral.
It has been found that the values of the derivative ob-
tained by applying the above data are more reliable
than values obtained by strip theory.

Several methods for predicting the damping-in-roll
of wings through the lift-coefficient range have been
investigated and are reported in Technical Note 1924,
One method, in which the damping-in-rell at zero lift
coefficient was modified only in accordance with varia-
tions in finite-span lift-curve slope, was found to be
almost as reliable as the complete method in which all
known factors are accounted for.

An analytical investigation was made to derive a
method for modifying existing correction factors for
lifting-surface theory to account upproximately for
the effects of sweep. These factors, reported in Tech-
nical Note 1862, have been applied to existing lifting-
line theories for damping-in-roll of swept wings. The
resulting formulas are simple and calculated results are
in good agreement with low-speed experimental data.
If the Glauert-Prandil transformafion is used, the
formulas are applicable to swept wings at speeds below
the critical.

Analytical investigations have been made of the ef-
fects of compressibility at subsonic speeds on the sta-
bility derivatives. Formulas based on semiempirical
concepts are given in Technical Note 1854 for making
compressibility corrections to the static and rotary
derivatives of wings.

To obtain damping-in-roll data at high speeds, an
investigation employing the free-roll technique was
conducted in the Langley high-speed 7- by 10-foot tun-
nel. The investigation covered a series of swepthack
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wings of various aspect ratios. Data were obtained for
Mach numbers up to about 0.91.

Further high-speed data on damping-in-roll charac-
teristics were obtained on a sweptback configuration
that was twisted linearly to represent the rolling wing.
Tests were made at Mach numbers between 0.6 and 1.15
in the Langley high-speed 7- by 10-foot tunnel using
the transonic-bump technique and at a Mach number
of 1.9 in the Langley 9- by 12-inch supersonic blow-
down tunnel. The effects on the damping-in-roll char-
acteristics of thickening the treiling edge of the aileron
were also determined.

The Langley stability analysis section has developed
theoretical values of the stability derivatives at super-
sonic speeds for thin, flat, rectangular wings without di-
hedral. The results of thisstudy are presented in Tech-
nical Note 1706. A linearized theory was used in this
study which presents the value of the derivatives for
steady and accelerated vertical and longitudinal mo-
tions and for steady rolling, yawing, sideslipping, and
pitching velocities. These data are limited to Mach
numbers and aspect ratios greater than those for which
the Mach Jine from the leading edge of the tip section
intersects the trailing edge of the opposite tip section.

An analysis of the stability derivatives for a series
of sweptback wings with sweepback and sweepforward
of the trailing edges has been made using the pressure-
distribution data presented in Technical Note 1572.
The derivatives were formulated for & range of angle
of attack, sideslip, vertical acceleration, pitching, roll-
ing, and yawing. The results of the investigation, pre-
sented in Technical Note 1761, are limited to Mach num-
bers for which the wing is wholly contained between the
Mach cones from the leading and trailing edges of the
center section of the wing. .

A theoreticel evaluation has also been made of the
lift and damping-in-roll of 2 series of thin sweptback
wings of arbitrary taper and sweep. This analysis is
presented in Technical Note 1860 and is based upon
linearized supersonic-flow theory. The results are valid
for a range of supersonic speed for which the wing is
wholly contained between the Mach cones from the
leading and trailing edges of the center section of the
wing. A series of design charts is presented which
permits rapid estimation of the lift-curve slope and
damping-in-roll derivatives.

A preliminary experimental investigation to deter-
mine the damping-in-roll of several rectangular and tri-
angular wings has been conducted in the Langley 9-inch
supersonic tunnel.

Controls
Considerable research is being undertaken on con-
trol problems because control characteristics, both

static and dynamie, are of great importance in aircraft
and missile design.

An analytical and experimental investigation of the
effect of plan-form changes on the lift and hinge-mo-
ment characteristics of control surfaces has been made
at the Ames Laboratory as a continuation of an exten-
sive control program. The systematic experimental re-
sults obtained in this investigation have been compared
with various theories for predicting lift and hinge-
moment parameters for the conventional and sweptback
plan forms investigated. This comparison indicated a
method of prediction sufficiently accurate for prelimi-

nary design purposes.

A flight investigation was conducted on an airplane

equipped with an all-movable horizontal tail having a
control system incorporating the combination of geared
unbalancing tabs and servotabs. The results of this in-

vestigation are reported in Technical Note 1763. The

basic system offered the possibility of having a constant
control-force gradient regardless of altitude or airplane
center-of-gravity position, but was found to be unsatis-
factory when rapid elevator deflections were required
because of light stick forces. Flights made with the
system modified to increase the stick force for rapid
control application (while maintaining low control
forces for gradual maneuvers), in conjunction with an
all-movable horizontal tail or a conventional elevator,
indicated that satisfactory stick-force gradients for any
maneuver were provided.

As part of the lateral-control program at the Ames
Laboratory, high-speed tests of lateral controls of a
swept wing with fencesto improve the low-speed stalling
characteristics indicated that the particular fences in-
vestigated will have no appreciable effect on the high-
speed control characteristics.

The lateral-control characteristics of several aileron
configurations investigated in the 300-mph 7- by 10-foot
tunnel at the Langley laboratory have been reported in
Technical Note 1788. This report presents the results

of the effects of varying trailing-edge angle and control |

span on the rolling effectiveness, lift effectiveness, and
control hinge moments. It was found that, for the thin-
ner trailing-edge angles, theoretical methods for pre-
dicting control effectiveness were satisfactory. How-
ever, the agreement between experiment and theory was
poor for the large trailing-edge angles. The effective-
ness of 20-percent-chord half-span ailerons and high-
lift and stall-control devices on three swept wings has
been investigated at high Reynolds number in the Lang-
ley 19-foot pressure tunnel. The effects of airfoil trail-
ing-edge shape on aileron effectiveness at high-subsonic
Mach numbers have been investigated in the Langley
8-foot high-speed tunnel. The results of this investiga-
tion are presented in Technical Note 1596. .
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Auxiliary types of lateral controls have been investi-
gated in the Langley 7- by 10-foot tunnel. One inves-
tigation included the study of segmented plug ailerons
extending from the 20-percent-span station to the 80-
percent-span stetion of a 42° sweptback wing. The seg-
ments were mounted normal to the free-stream flow.
The basic aileron and the aileron with several modifica-
tions were investigated for a range of spoiler projection
for various angles of attack. The plug aileron was also
tested in conjunction with a full-span slotted flap.

The results of the investigation of plug ailerons on a
thin low-drag straight wing in conjunction with a full-
span slotted flap are reported in Technical Note 1802.
The investigation, which covered the range of Mach
number from 0.13 to 0.61 indicated that the plug-aileron
configuration developed would be suitable for lateral
control in conjunction with full-span slotted flaps. The
effectiveness of the plug aileron increased with increas-
ing Mach number and Reynolds number. The variation
of rolling moment with aileron projection was fairly
linear. The rolling effectiveness was greater with the
flap deflected than with the flap retracted.

Another unswept wing with 15-percent-thick airfoil
sections was investigated with both plug and retractable
ailerons in conjunction with a full-span slotted flap.
The results of this investigation are presented in Tech-
nical Note 1872. The study indicates that large in-
creases in lift can be obtained by use of full-span slotted
flaps and that, in a certain deflection range, the flaps can
be used to advantage as a glide-path control. It was
found that the plug aileron was generally more effective
than the retractable aileron, but that both were effective
roll controls. The yawing moments produced by the
ailerons were generally favorable with the flap re-
tracted, becoming less favorable with increasing angle
of attack or flap deflection.

To investigate the low hinge-moment characteristics
of spoilers, tests were made of an unswept wing with
an aspect ratio of 3.

An investigation was made in the Langley two-dimen-
tional low-turbulence pressure tunnel to determine the
effectiveness of a lateral-control device for a wing
equipped with a full-span double-slotted flap. The rear
portion of the flap was hinged in the manner of a con-
ventional Frise aileron, and the lip of the double-slotted

flap acted as a slot-lip aileron. This study showed that -

the lift effectiveness of the slot-lip aileron increased with
increasing flap deflection. In general, the results in-
dicate that a slot-lip aileron can be combined with a
trailing-edge Frise aileron on a full-span double-slotted
flap to provide satisfactory lateral-control character-
isties with large flap deflections.

The Langley low-turbulence tunnel section also in-
vestigated a two-dimensional airfoil equipped with a

sealed internally balanced control surface in conjunc-
tion with a leading tab. Results of this study indicate
that the use of a leading tab will result in large incre-
ments in lift effectiveness for a range of tab-flap deflec-
tion ratio.

To permit the intelligent selection of aerodynamic
brakes, the drag characteristics of various brakes as
measured in flight-and in wind tunnels have been col-
lected and summarized. Calculation procedures and

graphs have been prepared that simplify the determina-

tion of the speed-altitude-time relationship for airplanes
equipped with aerodynamic brakes in various specified
maneuvers.

A wind-tunnel investigation was conducted in the
Langley 300-mph 7- by 10-foot tunnel to defermine the
characteristics of ailerons used as speed brakes or glide-
path controls. The tests were made on an NACA
65210 wing and an NACA 65,215 wing equipped with
full-span slotted flaps. Several plug-aileron and re-
tractable-aileron configurations were investigated at
Mach numbers between 0.13 and 0.71. The results in-
dicate that plug or retractable ailerons, either alone or
in conjunction with wing flaps, are very effective as
speed brakes or glide-path controls.

The effectiveness of the horn-balanced flap in reduc-
ing hinge moments at high-subsonic and transonic
speeds has been investigated, respectively, in the Lang-
ley high-speed 7- by 10-foot tunnel and by the wing-
flow method. The investigation in the 7- by 10-foot
tunnel was made with a 45° sweptback wing while the
wing-flow-method study employed a 85° sweptback
wing.

The effect of- trailing-edge thickness on the high-
subsonic and transonic characteristics of an aileron on
a 42.7° sweptback wing has been investigated in the
Langley high-speed 7- by 10-foot tunnel.

The transonic-bump technique has also heen used to
determine the lateral-control characteristics of 80-per-
cent-chord plain flaps of various spans. The wing used
in this study had 45° of sweepback and an aspect ratio
of 4. The rolling, pitching, and lift characteristics
attributable to control deflection were determined.

The influence of spanwise position and size of the aile-
rons on the control characteristics was investigated at
transonicspeeds. The investigation wasmade by means
of a coordinated study of wind-tunnel results (transonic
bump) and results obtained with free-flight rocket
models.

General investigations of the effectiveness of wing
controls have been continued by the use of simple rocket-
propelled free-flight models with the object of develop-
ing controls satisfactory for flight at transonic and
supersonic speeds. The data were obtzined af almost
full-scale Reynolds numbers. As part of the investi-
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gations, the rolling effectiveness of simple trailing-edge
ailerons, in conjunction with a series of wings differing
in sweep and airfoil section, was determined.

One type of wing currently believed suitable for

flight at supersonic speeds is the thin unswept wing of

moderate aspect ratio. Accordingly, a rocket-pro-
pelled-model investigation of the rolling effectiveness
of a typical wing of this type having outboard trailing-
edge ailerons has been undertaken.

To obtain the supersonic control characteristics of
wing-body combinations, two wings of different plan
form were tested as all-movable surfaces and as fixed
surfaces in the presence of a half fuselage at a Mach
number of 1.9 in the Langley 9- by 12-inch supersonic
blow-down tunnel. One wing had a triangular plan
form with 60° leading-edge sweep and the other a rec-
tangular plan form modified by an Ackeret type tip.

A hinge-moment investigation was conducted in the
Langley 9-inch supersonic tunnel to determine the feasi-
bility of interconnecting leading- and trailing-edge
flaps for the purpose of reducing control hinge
moments.

Experimental research on the effectiveness of con-
trols at transonic and supersonic speeds has shown that
the thickness ratio of both airfoil and control surface
has important effects on control power. A study was
conducted to determine the effect of thickness ratio on
control effectiveness. Results of this study are present-
ed in Technical Note 1708. The method developed em-
ployed the Busemann third-order approximation for
two-dimensional isentropic flow (which incorporates
the effects of thickmess) with three-dimensional solu-
tions found by the use of linearized theory.

Other investigations have emphasized that, particu-
larly at supersonic speeds, large twisting moments are
imposed on a wing by deflection of a trailing-edge eon-
trol. Hence, the torsional stiffness required of super-
sonic wings to prevent aileron reversal is much greater
than that required of subsonic wings. A study of wing
twisting moment imposed by trailing-edge ailerons on
unswept and untapered wings—and the resulting wing
twisting and accompanying loss of rolling effective-
ness—has been theoretically treated for the supersonie
case and the results have been reported in Technical
Note 1769. The results of an analysis on tapered un-
swept wings are presented in Technical Note 1890.

A study was made to determine the possibility of uti-
lizing the principle of a sealed internal-control-surface
balance as a means of reducing control-surface hinge
moments at subsonic and supersonic speeds.

Automatic Control
Research on automatic controls has been greatly ex-
panded—not only because of the increased interest in

the field of guided missiles but also because of the in-
terest in automatic-control applications to airplanes.
Studies of some current and projected airplane designs
indicate that their flying qualities can be improved
through the use of automatic devices. '

As part of an investigation of control systems for

target-seeking missiles, a study has been made in the
Langley free-flight tunnel to determine the automatic
lateral stability of a flying model equipped with a gyro
stabilizing wnit which applied control in response to
bank and yaw. Freeflight tests were made with a
flicker-type control system installed in the model and
with this system modified to produce a hunting control
which effectively gave proportional response. The

effects of varying the cant angle and rudder deflec-

tions were investigated.

The normally small-size, high-velocity, and high-
maneuverability requirements of guided missiles neces-
sitate automatic stabilization systems possessing ex-
ceedingly rapid response characteristics. The Langley
Laboratory is studying the factors limiting the response
of basic types of automatic stabilization systems and the
relevant aerodynamic characteristics of automatically
stabilized missiles in an endeavor to achieve the neces-
sary response characteristics. In consequence, an analy-
sis and a ground investigation of an automatic stabili-
zation system were undertaken. These studies included
a general analysis of a system incorporating both dis-
placement- and rate-sensitive gyroscopes. From the
data obtained, design charts have been prepared which
permit the rapid determination of the stabilization
characteristics that may be expected from this system.

The Langley stability analysis section has made a
theoretical investigation to determine the effect of auto-
matic stabilization on the lateral oscillatory stability of
g hypothetical airplane at supersonic speeds. The in-
vestigation included consideration of the effectiveness
of an automatic pilot sensitive to a displacement in
either yaw or roll and of an automatic pilot sensitive
to either the yawing or rolling angular velocity. The
calculations assumed an idealized control system with-
out lag. The results of the investigation, presented in
Technical Note 1818, indicated that, whereas all the
automatic pilots improved the stability of the short-
period oscillations, the greatest improvement was ob-
tained for an automatic pilot sensitive to the yawing
angular velocity and geared to the rudder so that rudder
control is applied in proportion to the angular velocity.
Flying Qualities

The increases in speed of flight, made possible by
recent power-plant developments, have dictated radieal
changes in aerodynamic design which, in conjunction
with the mass characteristics of current and proposed
aireraft, have necessitated extensive studies of the
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dynamic handling- or flying-quality characteristics of
these designs.

The effect of variation of the aerodynamic character-
istics on the dynamic lateral stability characteristics of
an airplane in flight has been investigated at the Ames
Laboratory. A method of automatically varying the
static Jateral stability derivatives in flight was devised
to isolate the effects of changes in the derivatives from
those resulting from other influences—such as air gusti-
ness and piloting technique. The results of flight tests
made with the automatic equipment installed have dem-
onstrated the practicability of the system (Technical
Note 1788). This method of varying the aerodynamic
derivatives appears to offer great promise, both as a
means for determining the optimum stability charac-
teristics desired by pilots and also as a method for
improving the stability characteristics of existing
airplanes. -

Flight tests of an airplane having a 35° sweptback
wing have been completed. The results of the investi-
gation are reported in Technical Note 1743, which pre-
gents the lateral and directional stability and control
characteristics of the airplane with and without an
80-percent-span slot and with and without a ventral fin.
This flight investigation showed that the directional
stability of the airplane was positive in all conditions
but was reduced to an undesirably low value at high lift
coefficients with the ventral fin removed. The pilot
considered a slight negative dihedral effect, present at
low lift-coeflicients, more objectionable than a high posi-
tive dihedral effect present at high 1ift coefficients. The
longitudinal stability with an 80-percent-span slot on

the wing and with the flaps neutral was high throughout.

the speed range. 'With the flaps down, the longitudinal
stability became neutral or slightly negative near the
stall. The stalling characteristics of the airplane were
considered good when the 80-percent-span slots were
used.

The Langley pilotless aircraft research division—
using rocket-propelled models in free flight—has ob-
tained extensive aerodynamic and flying-quality data
for a tailless triangular-wing airplane.

At present, flying-quality characteristics can be gen-
erally compared with specific quantitative requirements
except for stall warning and the behavior of the airplane
in the complete stall. Inorder to provide a preliminary
bagis for a quantitative evaluation of the stall-warning
characteristics of an airplane, a study has been made at
the Ames Laboratory correlating pilots’ opinions of
stall-warning properties of 16 airplanes with a number
of the quantitative factors producing the warning.
The results of this study, reported in Technical Note
1868, indicate the quantitative ranges over which satis-
factory stall warning occurs for preliminary rolling
motion, buffeting, and rearward travel of the control

stick. It was found that the degree of buffeting and
rearward movement of the control stick considered
satisfactory as a stall warning was influenced by the
magnitude of the rolling velocity in the complete stall.

Spinning

As have many of the other design factors, spinning
characteristics of aireraft have been affected by chang-
ing serodynamic and mass characteristics. Investiga-
tions of spinning problems have been conducted for the
most purt in the NACA free-spinning tunnel at the
Langley Laboratory.

The results of an analysis of antispin fillefs are pre-
sented in Technical Note 1779. It was found that action
of the fillets is such as to increase the damping effec-
tiveness of the fuselage area below the fillets, thus tend-
ing to prevent spin. An investigation of dorsal fins, in
conjunction with this project, shows that the dorsal fins
investigated had little effect on the spin and recovery
characteristics. An investigation of the effect of tail
length on spin-recovery characteristics was completed
and the results of the investigation were presented in
Technical Note 1764. It was found that a model with a
long tail length had better recovery characteristics than
a model with a short tail length where the models had
comparable values of tail-damping power factor or even
when the damping factor for the short-tail model was
greater.

The spinning characteristics of a twin-tail, low-wing
personal airplane were investigated. Results of this
investigation (Technical Note 1801) indicated that
when the rudders and ailerons were interconneeled full
deflection of the controls against a spin would result in
satisfactory recovery. The results also indicate that
when an independent rudder-aileron system is em-
ployed—with the up-aileron movement limited to a very
small deflection and a rudder deflection which main-
tained the outboard rudder near neutral—the model
would be incapable of spinning.

As in previous years, spin-recovery investigations
have been conducted for a number of military-airplane
design configurations.

In connection with spinning studies several emer-
gency recovery devices have been investigated. The re-
sults of an investigation made with a dynamic model
having a reaction rocket attached to the inboard wing
tip and fired rearward to provide a yawing moment
against the spin are presented in Technical Note 1800.
Spins were terminated rapidly, indicating that a prop-
erly selected jet-reaction device is an effective method
of spin recovery in an emergency.

Results of tests of spin-recovery parachutes have been
reported in Technical Note 1869. These data indicate
that parachute-opening characteristics are improved by
increasing relative shroud-line length, tacking of “float-
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ing’” hem lines to prevent pulling out under load, or

prov1d1ng a strip of low-porosity fabric around the'

canopy in the area immediately above the hem line.
These design alterations did not affect the drag charac-
teristics of the parachutes appreciably, although the
strip of low-porosity fabrie just above the hem line had
a slight adverse effect on their stability characteristics.
It is indicated that for a given parachute increased air-
speeds generally impair opening characteristics, de-
crease the drag coefficient, and improve stability.

A method for estimating the diameter of the spin-
recovery parachute has been devised. Correlation with
test data indicates that the method will provide satis-
factory estimations of the minimum-size parachute re-
quired. A method for determining spproximate shock
load associated with rapid opening of the parachute has
also been developed.

Specific Design Studies

In addition to the many generalized studies of sta-
bility and control undertaken at the laboratories, spe-
cific studies of component parts or complete configura-
tions of currently interesting designs were made. Pilot-
less and piloted aircraft and special research designs
have been included in these studies. These investiga-
tions have provided important design information, as
well as useful research data.

The NACA, in cooperation with the United States
Air Force and the Bureau of Aeronautics, Department
of the Navy, continued transonic-flight investigations
of full-scale aircraft at the Muroc Air Force Base. The
X-1 and D-558-11 airplanes were flown repeatedly at
supersonic speeds, and a large number of successful
flights were made with other research airplanes. These
investigations have extended the knowledge of phenom-
ena encountered in the high-subsonie, transonic, and
low-supersonic flight regimes and have contributed to
the correlation of aerodynamic data obtained through
the use of other research techniques.

During the past year, the longitudinal stability of
the D-558-1 airplane in accelerated flight has been in-
vestigated and the buffet boundary has been determined.
The dynamic lateral stability and the approach and
landing cheracteristics of the airplane have also under-
gone investigation.

Measurement of the general aerodynamic character-
istics and aileron effectiveness of the X~1 airplane was
continued. Data have also been obtained for rudder-
fixed aileron rolls, during glides, at high Mach num-
bers. Some of the longitudinal stability and control
characteristics of the X~1 airplane configuration were
determined also by the free-fall-model technique. In
this investigation, the elevator was automatically con-
trolled so that it produced a constant value of normal
acceleration throughout the speed range of the drop.

As one phass of the research-airplane program, a
series of wind-tunnel tests was made of a scale model
of a high-speed airplane to determine the static lateral
and longitudinal stability characteristics at low- and
high-subsonic Mach numbers. The study included
measurements of the effectiveness of wing flaps, hori-
zontal tail, and ailerons as well as measurements of the
forces and moments acting on wing-tip ram jets and
aumhary fuel tanks. Pressure distributions on the
wing and fuselage were also obtained.

A lIow-speed investigation was made in the Langley
300-mph 7- by 10-foot tunnel of a scale model of an
airplane having a 88.7° sweptback wing and conven-
tional tail surfaces. The investigation—the results of
which are presented in Technical Note 1742—was con-
ducted with several wing-leading-edge and tail configu-
rations to determine the low-speed stability and control
characteristics. A good correlation of wing-fuselage
interference effect on effective dihedral was obtained
between data for the test model and other American and
German data.

‘Using rocket-propelled models in free flight, the
pilotless aircraft research division of the Langley Labo-
ratory conducted tests on a supersonic airplane con-
figuration at speeds varying from subsonie to low super-
sonic. These tests were made to determine the general
aerodynamic characteristics and stability and control
characteristics of the airplane configuration. A simi-
lar model was tested by the wing-flow method at the
Langley Laboratory to determine the longitudinal sta-
bility and control characteristics at transonic speeds.

An investigation of a semispan model of a tailless-
airplane design was conducted in the high-speed 7- by
10-foot wind tunnel at the Langley Laboratory. The
results were compared with the results of sting-mounted
complete-mode} tests and the results of semispan-model
tests (wing-flow method), thus providing a check on the
various techniques.

An analysis of the estimated flying qualities of a tail-
less airplane, having a 35° sweptback wing, over a
high-subsonic speed range has been made at the Lang-
ley Laboratory. This laboratory has also investigated
the stability and control characteristics of a scale model
of a tailless glider having a 43° sweptback wing.

The Langley Laboratory has conducted investiga-
tions on several unconventional aircraft configurations.
One investigation was concerned with the flight char-
acteristics of a canard configuration (tail first) at
transonic and supersonic speeds. Another investiga-
tion was concerned with the determination of the static
longitudinal stability and control characteristics of a
model of a convertible-type airplane with rigid and
articulated propellers.

Investigations of triangular wings have shown this

perticular plan form to have certain serodynamic ad-
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vantages. Studies of the dynamic lateral stability
characteristics of a specific airplane configuration em-
ploying a triangular wing were made. These studies
included determination of the neutral-lateral-oscilla-
tory-stability boundary, the period and time to damp
to one-half amplitude of the lateral oscillation, and the
time to damp to one-half amplitude for the spiral mode
for a range of lift coeflicient and altitude.

SUBCOMMITTEE ON INTERNAL FLOW

Efficient handling of the large volumes of air re-
quired by aircraft employing turboprop, turbojet, ram-
jet, or related propulsion systems is a prime considera-
tion in efficient aircraft design. To aid in maintaining
an effective internal-flow research program, the Sub-
committee on Internal Flow has constantly reviewed
the problems in this field., Some of the recent activity
of the laboratories of the NACA and pertinent results
of investigations, in the field of internal flow, follow.

Air Inlets

Work has been under way at both the Langley and
Ames Laboratories to supply design data for air in-
takes suitable for the turbine-propeller type of power-
plant installation. In recent studies of cowlinlets with
propellers operating, the effects of propeller-shank
design on inlet-pressure recovery were investigated.
In connection with this study a method was developed
whereby the flow fields of cowling and cowling-spinner
combinations can be calculated from surface pressure
distributions.

The Ames Laboratory has studied the effects of a
propeller on the characteristics of submerged inlets for
a typical gas-turbine-powered airplane. With the pro-
peller providing no thrust, there was a loss of ram-
pressure recovery that varied with the blade angle and
angle of attack, but was relatively unaffected by varia-
tions of inlet-velocity ratio. As the thrust coefficient
was increased, the ram-recovery ratio increased and
eventually exceeded that obtained with the propeller
removed.

Research on air inlets at high-subsonic and transonie
speeds has been receiving greater emphasis because of
the growing need for such data. The Langley Labora-
tory recently completed tests of a selected group of
NACA 1-series nose inlets operating in the transonic
speed range. It was the purpose of this project to show
the degree to which critical Mach number can be esti-
mated from low-speed pressure distribution.

In the supersonic range, theoretical and experimental
investigations have been made of conical inlets having
central bodies. Inlet configurations giving the best
relation between pressure recovery and external drag
were determined for the range of conditions investi-
gated. Data obtained from this investigation have

made it possible to devise a method for the estimation
of the drag ahd pressure recovery.

Because of the interest-of designers in leading-edge
air inlets on swept wings, the Ames Laboratory has
investigated this type of inlet for a wide range of inlet
velocity.  Pressure-distribution, ram-pressure-recov-
ery, and wake-survey data have been obtained. The
ducted section of the wing was designed by the applica-
tion of an analytical method developed for leading-
edge inlets on unswept wings. It was found from these
tests that thin duct lips were susceptible to laminar
separation near the leading edge, resulting in high see-
tion drag,.

The installation of electronic devices, armament,
and other equipment in nose sections of aireraft limits
the use of simple nose inlets. Thus, side inlets are of
considerable interest. In some instances side-inlet in-
stallations permit attainment of low duct losses because
of the short duct lengths used. Iu order to realize fur-
ther gains in inlet-diffuser-duct efficiency, the Ames
Laboratory has been working on a submerged inlet with
a cascade of airfoils to diffuse and at the same time turn
the air into the engine settling chamber. The results
indicate that at least for large air deflections the caseade
inlet has relatively good pressure recovery.

Boundary-layer control has been another means of
increasing the performante of air inlets. Work at the
Ames Laboratory on submerged side inlets with bound-
ary-layer control has shown that an improvement in
ram-pressure recovery can be realized, especially at
low mass-flow ratios. It also appears that the stability
characteristics of submerged twin inlets can be im-
proved by tlhe use of boundary-layer control, The
quantity of boundary layer removed and {hus the ex-
penditure of power for this removal were found to be
relatively small.

Other submerged-inlet configurations investigated
were a parallel-walled inlet and an inlet with diverging
ramp walls. These studies indicate that diverging the
inlet ramp walls effectively extends the satisfactory op-
erating limit of the submerged inlet to higher Mach
numbers. The superiority of the divergent-walled in-
let is attributed to the ramp boundary-layer character-
istics associated with this configuration. The most
promising of-the submerged-inlet configurations are
being studied at transonic speeds.

A study at large scale of submerged side inlets has
continued in the 10- by 80-foot wind tunnel at the Ames
Laboratory. The effects of sideslip on the efficiency of
both single- and twin-inlet systems and the effects of
mass-flow ratio on the stability of twin-inlet systems
have been investigated. It was found that the recovery
characteristics of either the single or twin inlet are rela-
tively insensitive to small angles of sideslip. A well-
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defined region of unstable flow and of reversed flow was
encountered with the twin-inlet system at low mass-
flow ratios. Studies to explain and clarify the cause of
this flow instability and reversal have also been com-
pleted.

Continued research in the Ames 8- by 8-inch super-
sonic wind tunnel has shown that, at Mach numbers less
than 1.8, extended side inlets can attain a total pressure
recovery comparable with that of a nose inlet.

Ducts and Duct Elements

Air-handling components other than the air inlet
have received detailed consideration. Two annular dif-
fusers of different conical expansion angles but con-
stant outer diameters have been investigated with rotat-
ing flow behind an axial fan at the Langley Laboratory.
The performance characteristics of the diffusers were
determined and the rotational-kinetic-energy effects on
the over-all energy transformation were observed over
a range of inlet Mach number and angle of flow. These
results have been reported and show that a wide range
of flow distribution is encountered as a result of changes
in operating conditions. The over-all performance of
an 8° diffuser was shown to be appreciably better than
that of a 16° diffuser under comparable conditions.
Sharp reductions in efficiency were recorded in both dif-
fusers at the maximum values of stream rotation.

Further research on ducts in the 8- by 8-inch super-
sonic wind tunnel at the Ames Laboratory has shown
that in supersonic flight, where the flow velocities in air
inlets are relatively high, the design of the subsonic dif-
fuser behind the inlet requires particular care. A duct
shape that minimizes the adverse pressure gradient im-
posed upon the boundary layer produces a considerable
Improvement In pressire recovery.

A study of screens in wide-angle diffusers was made
at the National Bureau of Standards under an NACA
contract to determine the effect of screens on flow sepa-
ration and flow turbulence. This study reported in
Technical Note 1610 shows that screens can prevent sep-
aration and restore separated flow. The mechanism of
the flow as affected by the screens is also discussed in
the report.

Results of a study of friction coefficients in the inlet
length of smooth round tubes conducted at the Massa-
chusetts Institute of Technology under an NACA con-
tract are reported in Technical Note 1785. The experi-
mental results of this study are compared with theory.
As a result of the study, an approximate method was
developed for predicting the discharge coefficient of
rounded-entrance flow nozzles.

Jet Exit Studies
Studies of exit influences on both the internal and

external air-flow characteristies of aireraft are assum-
ing greater importance with increasing flight speeds.

An investigation is being made at the Ames Labora-

tory of the effect of various asymmetrical exits on the
direction of the jet reaction. The jet being studied is-
sues from the end of a streamlined body. For the in-
vestigation jet-exit, cut-off angle was varied from 0° to
75°, the jet-exit velocity ratio (jet velocity to free-
stream velocity) was varied from 0 to 4.0, and the maxi-
mum Mach number of the jet at the exit was 0.80. The
investigation indicated that angularity of the pipe cut-
off does not affect the direction of the jet reaction, but
may have appreciable effects on the stability character-
istics of an airplane if the mixing area of the jet in-
fluences the air flow about the controls or stabilizing
surfaces.

Alr ejectors for pumping cooling air for jet engines
are coming into general use. Ejector studies have con-
tinued at the Lewis Laboratory with emphasis on theory
of operation and performance. An investigation of the
effect of operating temperature on ejector-pump per-
formance and an analysis of ejector thrust by integra-
tion of surface pressures have been completed.

SUBCOMMITTEE ON PROPELLERS FOR
AIRCRAFT

During the past year, research efforts have been ex-
tended to improve the performance of propellers at
high speeds. To this end, considerable effort has been
expended in conducting high-speed, wind-tunnel inves-
tigations of propeller problems.

Blade Sections

An investigation was made to evaluate the effect of
blade-section thickness ratio on the aerodynamic char-
acteristics of a propeller. The investigation consisted
of wind-tunnel studies of five related propellers having
a wide range of section thickness ratio.

High-Speed Propellers

Preliminary studies have been made of the effects on
propeller performance of the utilization of blades em-
bodying sweep in the blade plan form. A propeller
originally designed for flight research was investigated
in a high-speed wind tunnel. The results provide a
background of information on the operation of swept
propellers at subcritical conditions.

It has been found that the introduction of sweep in
a propeller blade introduces unusual and complex vari-
ations in the distribution of stress in the blade. Asa
result, special methods have been developed to deter-
mine and reduce the stresses and deflections in the biades
of swept propellers.

An investigation has been made in which the static
thrust characteristics of four related propellers differ-
ing in camber and blade width were determined. The
results obtained are useful in providing basic informa-
tion on the design compromises necessary to obtain
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adequate performance for satisfactory take-off
characteristics.

An investigation has been made in flight to provide
basic information on optimum propeller-blade loadings
for both the climb and high-speed conditions. The
results obtained, which were reported in Technical Note
1784, indicate the large increase in power loadings
which is required to obtain maximum efliciency at
high speeds as well as the design compromises between
the climb and high-speed conditions. In the climb con-
dition, the increase in blade loading associated with a
reduction in number of blades from three to two led to
marked reductions in propeller efficiency, whereas for
the high-speed, level-flight condition, even greater losses
in propeller efficiency were associated with failure fo
obtain sufficiently high blade loadings to obtain maxi-
mum efficiency even with the reduced number of blades.

A contract investigation was conducted by Stanford
University to determine the influence of blade-width
distribution on propeller performance characteristics.
Force and wake-survey data were obtained for a number
of three-blade model propellers of equal activity factor
and dissimilar blade plan forms. Although the differ-
ences in the efficiency envelopes for the various propel-
lers were small, it was found that blades tapered from
broad roots to narrow tips were more efficient than
blades of relatively uniform width when operating at
power coefficients greater than 0.1 and at advance ratios
less than those for maximum efficiency. The results
of the investigation are reported in Technical Note 1834.

Vibration and Flutter of Propellers

As a result of serious vibrational difficulties arising
from the operation of large propellers in nonuniform
flow fields and under conditions of pitch and yaw, a

comprehensive program was initiated to determine

methods of calculating the stresses involved as well as
means of alleviating these stresses. Investigations on
this problem are under way at both the Langley and
Ames Laboratories. The applicability of existing pro-
peller theory and the theory of oscillating airfoils to
the problem has been studied.

SUBCOMMITTEE ON HELICOPTERS

In order to provide and interpret fundamental infor-
mation on the factors which affect the flying qualities,
performance, and reliability of helicopters, the NACA.
has enlarged and intensified its research in this field.
In addition to theoretical studies, experimental investi-
gations have been carried out on full-scale and small-
scale models in flight, in wind tunnels, and on the Lang-
ley helicopter test tower.

Rotor-Blade Sections

Five NACA airfoil sections intended for use on heli-
copter rotor blades were designed and tested in the

Langley two-dimensional low-turbulence pressure tun-
nel. These airfoils have thicknesses varying from 9
to 15 percent of the chord and design lift coelficients
from three-tenths to seven-tenths. Theoretical pressure
distributions, together with measured values of the two-
dimensional aerodynamic characteristics over a range
of Reynolds number, were obtained for each airfoil.
In addition, the effects of surface condition on the air-
foil characteristics were determined. The results of
the investigation, which are presented in Technical Note
1922, were analyzed to demonstrate the effecis of varia-
tions in thickness and camber on the pertinent aero-
dynamic characteristics. Theoretical caleulations for
different flight-conditions are included to indicate the
relative performance of sample rotors employing the
different airfoils. These calculations show that the
new airfoils are inferior in performance, for most flight
conditions, to the NACA 8-H-12 airfoil section de-
veloped in a previous investigation.

Rotor Performance

An investigation was made on the Langley helicopter
test tower to determine the effects of wind velocity on
rotor performance. This information was needed to
enable correlation of data obtained under various wind
conditions and on different rotors. The results of the
investigation, reported in Technical Note 1G98, were in
essential agreement with simple momentum theory
which indicates that rotor performance inereases with
increases in airspeed above zero. As an example, it
was found that for a typical helicopter the power re-
quired to produce a given amount of thrust was 1T per-
cent less in a 15-mile-per-hour wind than under zero
wind conditions. It was also found that the effects of
wind velocity on performance were virtually independ-
ent of blade load distribution.

An analysis of the steady autorotative vertical descent
of a helicopter was made by Princeton University under
NACA sponsorship. The effects of both constant and
variable induced velocity over the rotor disk were de-
termined and the results reported in Teclinical Note
1906. It was found that, although the assumplion of
constant induced velocity causes considerable error in
the load distribution along the blade, the rotor speed
and rate of descent for small angles of blade pitch are
negligibly affected. TFor high angles of pifch where
blade stalling is important the errors in theoretically
computed blade Joad distributions may be expected to
be sufficient to cause disagreement with experiment. A
consideration of the forces of autorotation indicated that
for small values of blade pitch these forces will be ade-
quate for autorotation, and blade stalling can be neg-
lected. At the higher values of blade pitch, however,
the possibility of blade stalling resulting from an
upward gust is increased.
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An analytical study has been made by Princeton
University of the motions of the helicopter in the tran-
sition range from hovering flight with power on to
steady vertical autorotative descent following a power
failure. The effects of hinging the blades, of blade
moment of inertia, and of rate of pitch reduction after
power failure were considered. The results of the
study, which were reported in Technical Note 1907,
indicate that the effect of blade flapping is negligible
insofar as the establishment of steady autorotation is
concerned. It was also found that in order to avoid ex-
cessive blade stalling during the transition, blade mo-
ment of inertia should be large and blade pitch should
be reduced as rapidly as possible after power failure.

Stability and Control

As part of an investigation to establish satisfactory
helicopter flying-qualities requirements and to deter-
mine means of satisfying these requirements, the flying-
qualities problems of current helicopters as observed
during flight were collected and are discussed in Tech-
nical Note 1799. This paper contains information on
the flying qualities of helicopters obtained from per-
formance testing, experience with various helicopter
types, and knowledge of foreign work in this field. It
was found that the principal problems of current heli-
copters are: Instability with angle of attack in forward
flight ; control sensitivity in forward flight, particularly
for the smaller helicopters; and control forces follow-
ing control movements during maneuvers. Some dis-
cussion is given of suggested remedies for these
problems.

To aid in establishing eriterions for acceptable heli-
copter stability characteristics, flight tests were con-
ducted on a small single-rotor helicopter possessing
stick-fixed longitudinal characteristics which were con-
sidered satisfactory by the test pilot. Time histories
of longitudinal maneuvérs were obtained for correla-
tion with the test pilot’s personal observations.
Vihration

The dynamic response of a helicopter rotor to oseil-
latory pitch and throttle movements was investigated
on the Langley helicopter test tower to determine the
natural frequencies of the drag-angle motion and the
damping required to prevent excessive drag-angle oscil-
lation response. Both symmetrical oscillations, in which
all of the blades Iag and advance together, and unsym-
metrical oscillations, in which the blades are out of
phase with each other, were studied. The results, which
were reported in Technical Note 1888, showed that,
whereas the frequency of the symmetrical drag-hinge
oscillations was influenced by the engine and gearbox
inertias and rotor-shaft torsional stiffness, the fre-
quency of the unsymmetrical oscillations was affected
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primarily by the rotor-pylon bending stiffness. These
results were shown to be in agreement with predicted
values and indicated that care should be exercised to
insure the absence in the helicopter of regular dis-
turbing forces, such as a hunting pitch and throttle
governor or hunting automatic pilot, with frequencies
near those of the resonant condition.

A contract investigation was carried out by the Poly-
technic Institute of Brooklyn in which a theoretical
study was made of the dynamic properties of helicopter
rotor-blade systems. The study dealt with the appli-
cation of the theory of small oscillations about a steady
state of motion to a representative blade system hinged
to a driving hub. The study covered the derivation of
the angles of attack of the inflow, of the blade-position
variables—pitch, flapping, and lagging—and of the

aerodynamic inertia forces acting on hinged blades in

both hovering and translational flight. Also included
were the development and solution of the equilibrium
conditions of the blade system and the development of
the frequency, stability, and damping properties of
hinged blades in both hovering and translational flight.
Four combinations of relative constraint conditions be-
tween angles of pitch, flapping, and lagging were inves-
tigated. The results are reported in Technical Note
1430.

SUBCOMMITTEE ON SEAPLANES

Planing-Tail Hulls _
Hydrodynamie research on the planing-tail type of
hull has been continued in Langley tank No. 2 with
forms representing the extreme in aerodynamic refine-
ment for improvement of flight performance. These
refinements indicate the extent of the hydrodynamic
penalties to be paid for the compromises made to achieve
low drag, but at the same time demonstrate the prac-
ticability of such forms for application to advanced sea-
plane designs. With the point of view adopted in the
research toward over-all improvements in hull form,
special techniques were necessarily developed in the
tank for adequate evaluation of the hydrodynamic quali-
ties of interest. Parallel investigations of refined plan-
ing-tail hulls were also conducted in the Langley 300-
mph 7- by 10-foot tunnel to indicate the aerodynamic
gains that might be achieved with this type of hull.

Length-Beam Ratio

An investigation of the effects of hull length-bean
ratio on hydrodynamic characteristics in waves has been
made in Langley tank No. 1, and the results are reported
in Technical Note 1782. It is concluded that when the
product of length squared times beam is held constant,
as would very nearly be the case for interchangeable
hulls on a given seaplane, the motions in trim and rise
and the maximum probable vertical accelerations in
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waves are substantially reduced as the length-beam ratio
isincreased. The meximum probable angular accelera-
tions on the other hand are increased until extreme
length-beam ratios are reached because of the increase
in hull length associated with decrease in beam for a
specific design.

The research to date is believed to establish broadly
the upper limit from the standpoint of hydrodynamic
characteristics beyond which no further over-all im-
provements may be expected from increase in hull fine-
ness ratio alone.

Similar tank investigations of detailed modifications
of the form of a hull having 2 high length-beam ratio
are reported in Technical Notes 1828 and 1853. Fore-
body warp ( progresmve inerease in dead rise from step
to bow) and increase in afterbody length are shown to
have marked favorable influences on behavmr in rough
water. Forebody warp greatly improved spray and
overload capacity while increased afterbody length had
a smaller adverse effect on these qualities. Other hydro-
dynamic characteristics of interest were relatively un-
affected by the modifications.

The effects of combining the modifications are re-
ported in Technical Note 1980. In general, the effects
of the separate changes were additive to a certain de-
gree resulting in a particularly promising hull form,
with a high length-beam ratio, for open-sea operations.
Inferior bow-spray characteristics associated with the
lengthened afterbody alone were more than compen-
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sated for by the improvements in this quality gained
with the warped forebody.

The aerodynamic investigation of hull length-beam
ratio in the Langley 800-mph 7- by 10-foot tunnel has
been exfended to very high ratios. The additional ef-
fects of the extreme ratios (of limiled usefulness from
a practical design point of view) on the aerodynamic
characteristics were found to be small.

High-Speed Hydrodynamiecs

The long-range program of hydrodynamic research
on methods of water-basing high-speed aireraft has
been continued. The possibilities of various high-bpced
configurations and auxiliary devices for use in water
operation have been evaluated and the fundamental
characteristics. of promising hydrodynamic lifting ele-
ments have been studied in Langley tank No. 2.

SPECIAL SUBCOMMITTEE ON THE UPPER
ATMOSPHERE

The Special Subcommittee on the Upper Atmosphere
has continued the collection of data for use in defining
more accurately the physical characteristics of the upper
atmosphere. Efforts are also continuing to improve
instruments and techniques for measuring the physical
properties of the atmosphere to altitudes of the order
of 400,000 feet. When sufficient data are available from
soundings by various rocket velicles, it will be possible
to modify and standardize the existing tentative upper-
atmosphere tables published in Technical Note 1200.

PROPULSION RESEARCH

With the emphasis on higher speeds and on increased
altitudes of operation, the objectives of propulsion re-
search are to obtain a maximum of thrust-for a mini-
mum of engine frontal area, engine weight, fuel con-
sumption, and manufacturing effort. Consideration
must be given to each of these points and a suitable
balance obtained. As pointed out in the previous an-
nual report, the NACA research effort must provide
scientific information applicable to at least five types
of flight-propulsion engines—for high-speed flight, the
turbojet, the ram-jet, and the rocket; and for lower
flight speeds, the turbopropeller and the compound
engine.

NACA efforts in this field have been assisted by the
Committee on Power Plants for Aircraft and its seven
subcommittees. Most of the research discussed in this
section has been conducted at the Lewis Flight Propul-
sion Laboratory with additional assistance provided by
the National Bureau of Standards and by educational
and nonprofit institutions under contract to the NACA.

As a means of bringing the findings of the NACA to
the aircraft and related industries with a minimum of

delay, conferences on specific phases of p1opu151on re-
search have been held at the Lewis Laboratory in the
past year. At these conferences significant NAC.\ re-
search results were presented on LuIbojct engine thrust
augmentation and on aireraft power-plant controls.
In achieving a greater thrust per unit fronfal area
the aeradynamic aspects of flight-propulsion research
have assumed increased proportions and a need for fur-

" ther aerodynamic studies of propulsion problems is ap-

parent. In order to obtain increased thrust per unit
engine weight the research approach varies with the
type of power plant, and for turbojet engines emphasis
is being placed on components of greatly improved per-
formance and decreased size, such as supersonic com-
pressors. To obtain increased thrust per unit of fuel
consumed an increase in the pressure ratio and operat-
ing temperature of gas-turbine-type engines is indi-
cated. Effort is also being placed on possible simplifi-
cation of the shapes of components of gas-turbine-type
power plants in order to reduce the manufacturing ef-
fort required. The ram-jet and the rocket power plants
are inherently suitable for high-speed flight as their
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elements are already reduced to 2 minimum of frontal
area and weight, and emphasis is placed on obtaining
improved performance.

With a major share of research effort being devoted
to the gas-turbine type of power plant, considerable re-
search information on such power plants has been made
available during the past year. Progress is being made
in obtaining increased endurance life for gas-turbine
parts at current operating temperatures. As progress
continues it may be possible to alleviate the demand for
scarce alloying elements for the heat-resisting parts of
gas turbines. Once satisfactory endurance life is ob-
tained it may be possible to commence utilizing mate-
rials which will be less expensive and easier to handle
in manufacturing processes. With the application of
turbine cooling it may be that marked improvement in
aircraft gas-turbine performance may be obtained
through the use of higher cycle temperatures and pres-
sure ratios. Substantial progress has also been made
in providing a fuel for use in aircraft gas turbines which
will be relatively easy to manufacture because of the
ready availability of its constituents and the absence of
any knock-rating requirements.

The ram jet is the type of power plant that shows most
promise of supplying at reasonable efficiencies the tre-
mendous power necessary to drive aireraft in the atmos-
phere at extremely high speeds. The Lewis 8- by 6-foot
supersonic wind tunnel that permits study of the aero-
dynamic and combustion characteristics of turbojet or
ram-jet engines up to a Mach number of 2.0 has been
placed in operation during the past year. The research
program for this facility will supply greatly needed
fundamental data on the design of power plants suitable
for supersonic flight.

COMMITTEE ON POWER PLANTS FOR
' ATRCRAFT

Engine Performance and Operation

An Investigation of the altitude-performance char-
acteristics of a centrifugal-compressor-type turbojet
engine has been completed. The results indicated that
under standard atmospheric conditions best thrust per
pound of fuel is obtained at the tropopause. Attempts
were made to predict performance by conventional gen-
eralization procedures and it was found that these pro-
cedures were not applicable to these engines above
20,000 feet because of a change in compressor performs-
ance with decreasing Reynolds number.

An investigation has been made of the altitude per-
formance of two axial-flow turbojet engines. These in-
vestigations provided data on engine and component
performance for altitudes up to 50,000 feet and flight
Mach numbers up to and exceeding the speed of sound.

The data have been analyzed to show the performance
of each of the major components of the engine. The
combustion characteristics and blow-out limits were of
particular interest.

A ram-jet engine was investigated at simulated alti-
tudes to determine an efficient combination of flame
holder and fuel. A series of flame holders was investi-
gated using several different fuels. The results indi-
cated the relative combustion efficiencies obtained with
the different fuels, as well as the effects of flame-holder
configuration on combustion temperatures, combustion
efficiencies, and operable range of fuel-air ratio. Sev-
eral flame holders and fuel-spray nozzles have been in-
vestigated in experimental captive flight tests using a
rectangular ram jet which was integral with a sub-
sonic wing section. Because the combustion process in
a ram-jet engine may affect the efficiencies of the inlets
and hence the net thrust obtainable, an investigation of
the interaction between the combustion process and air
inlet was made.

An experimental investigation was conducted to de-
termine the improvement in the performance of a re-
ciprocating engine resulting from compounding with an
exhaust-gas blow-down turbine. A 12-cylinder, liquid-
cooled, compound reciprocating engine was investigated
over a range of engine and turbine operating conditions.
The data obtained make it possible to prediet the effect
of independent engine and turbine variables on turbine
poweroutput. For comparison, the performances of five
compound reciprocating-engine power plants have been
caleulated. These consisted of a 12-cylinder, liquid-
cooled engine compounded with (1) a blow-down tur-
bine, (2) a blow-down and steady-flow turbine in series,
(3) all-geared supercharging, (4) turbosupercharging,
and (5) a steady-flow turbine (Technical Note 1735).

Cooling characteristics of two different types of mul-
ticylinder, liquid-cooled, reciprocating engine were de-
termined and the cylinder-head temperature and cool-
ant heat rejections correlated with the primary engine
and coolant variables. This correlation is similar to
that previously developed from analysis of the cooling
processes involved in a single-cylinder, liquid-cooled
engine and permits the prediction of both the cylinder-
head temperature and the coolant heat rejection for &
wide range of operating conditions.

SUBCOMMITTEE ON AIRCRAFT FUELS

Availability of Fuels

Turbojet engines in the United States have been de-
veloped to operate with either kerosene or high-octane
gasoline. Consideration by the military services and
the NACA Subcommittee on Aircraft Fuels indicated
that in case of a national emergency such fuels would
not be available in sufficient quantity for an air foree
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with a large number of turbojet aireraft. A tentative
specification was drafted that would include about one-
half the refined products from & barrel of crude oil and
this fuel was subsequently designated AN-F-58 by the
military services. The Lewis Lahoratory evaluated the
performance of this new fuel in current-production
turbojet engines. _

A comparison of the performance of AN-F-58 fuel
with the fuel currently specified for the particular en-
gine was made in two altitude test chammbers, in the

altitude wind tunnel, and in flight, for a wide range of .

simulated altitude and flight Mach number. The en-
gine investigated in one altitude test chamber was
equipped with a centrifugal compressor and tuhular
combustors designed for a kerosene-type fuel. The en-
gine investigated in the second altitude test chamber
was equipped with an axial-flow compressor and an an-
nular combustor designed for gasoline-type fuel. The
altitude-wind-tunnel investigation was made on an en-
gine equipped with an axial-flow compressor and tubu-
lar combustors designed for a kerosene-type fuel. The
flight investigation was conducted with an engine in-
corporating an axial-flow compressor and tubular com-
bustors designed for kerosene-type fuel. These full-
scale engine investigations included a determination of
engine thrust, specific fuel consumption, combustion ef-
ficiency, blow-out limits, ignition characteristics, and
carbon deposition for both AN-F-58 and the current
fuel specified for the particular engine. The results of
the investigation showed that the use of AN-F-58 fuel
resulted in performance equal in practically every re-
spect to that with the standard fuel.

Effect of Fuel Characteristics on Turbojet-Engine
Performance

The effect of fuel variables on the starting of turbojet
combustors is under investigation. Some of the im-
portant parameters include the vapor pressure and the
boiling point of the fuel, the fuel and air temperatures,
the characteristics of the fuel spray, and the type of
ignition source.

The effect of varying the boiling point, the aromatie
hydrocarbon content, and the olefin content of fuels
that fall within the AN-F-58 specification has been
studied at simulated-altitude conditions in a number of
turbojet combustors of different design. The perform-
ance parameters that were investigated include com-
bustion efficiency, altitude operational limits, and ear-
bon formation. _ -

Early investigations indicated that fuels containing
aromatic hydrocarbons deposited more carbon in com-
bustors than paraffinic fuels. Studies on annular- and
tubular-type combustors have indicated that carbon de-
posits may be correlated with hydrogen-carbon ratio

and volumetric average boiling point of the fuel. The
relative quantities of carbon to be expected from fuels
of different characteristics may be estimated by use of
this correlation.

Fuel Synthesis

In some cases fuels required for evaluation in turbojet
and ram-jet combustors are not available from commer-
cial sources and in these cases the NACA prepares the
fuels by isolation from petroleum stocks or from ma-
terials that will yield the desired product in a few steps.
A large fractionating column has proved to be of con-
siderable assistance in preparing drum quantities of
these fuels.

Emphasis has been given to the synthesis of high-
density hydrocarbons because the aireraft and missiles
for high-speed use are volume limited. By studying
the effect of systematically changing the molecular
structure on the heating value and physical properties
of hydrocarbons, there is a basis for predieting the type
of molecular structure that will give optimum heat
release per unit volume and optimum physical
properties.

SUBCOMMITTEE ON COMBUSTION

Effect of Operating and Design Variables on Com-
bustion

Long-range fundamental research on the physics and
the chemistry of the combustion process has been con-
tinued. The research comprises attempts to analyze
flames for the molecular species existing therein and
studies of the effects of different catalytic agents on
flame speeds. Both lines of atfack are aimed at adding
to the knowledge of the chemical mechanism of burning.

Following a completed study of the effects of air
velocity, temperature, and pressure on the energy,
power, and duration of a spark discharge for different
electrode diameters and spacings, researcl was ini-
tiated on the energies required to ignite flowing com-
bustible propane-air mixtures. These ignition studies
have been completed for a pressure range of 1 to 2
pounds per square inch.

In the continuing effort to establish generalized rules
and principles about the operation and the design of
gas-turbine combustors, several combustors of different
basic design were investigated over a wide range of
altitude. The designs included both annular and tubu-
lar types, and also included combustors representative
of both United States and fureign design.

With previously acquired knowledge of the influ-
ence of operating variables, or inlet conditions, on the
performance of gas-turbine combustors, systematic re-
search was conducted on specific design variables for
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gas-turbine combustors. In one such study, the effect
of fuel-nozzle size and fuel-injection pressure on the
altitude performance of an annular combustor was de-
termined. Inlet-air conditions were independently
altered in the study. Results indicated that reduced
fuel-nozzle size or increased injection pressure in-
creased combustion efficiency at low heat-input values
but produced lower temperature-rise limits. Variations
in fuel volatility were made to verify the possible ex-
planation for the observed phenomenon.

In another investigation, systematic research was
conducted on the arrangements of the air passages in
the walls of the combustor liner, or flame tube.

One method of augmenting the thrust of a turbojet
engine is to Jead some of the air from the compressor
to a separate combustion chamber where it is burned
with fuel. The air thus taken from the main combus-
tors is replaced by a fluid, for example, water. A study
was completed to establish the optimum location for
injecting the water into a combustor and to determine
the maximum quantities of water that can be injected
without seriously depreciating the combustor perform-
ance.

Ram-jet combustion requires stable, efficient burning
in a high-velocity air stream with a minimum of physi-
cal obstruetion in the air stream. Because basic
research showed the high efficiency of incandescent
surfaces in supporting and stabilizing combustion, a
performance comparison was made between a conven-
tional single-row ram-jet burner and burners embodying
one, two, three, and four rows of gutters immersed in
the combustion zone.

Thermodynamic charts and computational methods
previously established have been used to continue the
evaluation of rocket-propellant systems that will give
maximum thrust per weight flow and per volume flow.
Experimental research on properties and characteristics
of propellants has been conducted to establish the degree
of suitability for any desired application. Propellants
offering the possibility of greatly increased range of
rocket-propelled aireraft as compared with aleohol and
liquid-oxygen propellants have been experimentally
evaluated in 100-pound-thrust engines.

Kinetics of Roecket-Motor Reaction

Design of the smallest, lightest, and most efficient
rocket engine for a given thrust presupposes basic
knowledge of the relation between propellant-injection
characteristics and combustion. High-speed motion
pictures of the combustion of liquid oxygen and gaso-
line in e rocket engine showed the effect of seven meth-
ods of propellant injection on the uniformity of com-
bustion. The flame front was generally found to extend
to the injector faces and all the injection systems showed
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considerable nonuniformity of combustion. Pressure
vibration records indicated combustion vibrations that
correspond to resonant-chamber frequencies.

Heat-transfer research at high Reynolds numbers and
high temperatures both with and without liquid films
on the inside walls of a duct was initiated to provide
basic information pertinent to rocket cooling.

SUBCOMMITTEE ON COMPRESSORS

Gas-turbine power plants for high-speed and long-
range aircraft require light compact compressors with
large air-flow capacities and high efficiencies. In addi-
tion, the compressors should be mechanieally sturdy and
easily manufactured in order to obtain reliable engines
having a comparatively low initial cost. These goals
are the objective of the research on two types of sub-
sonic compressors—the axial-flow and the centrifugal
or mixed-flow type—and on the supersonic compressor,
each of which appears to have particular advantageous
applications.

Theoretical Compressor Aerodynamics

Theoretical studies have been concentrated on deter-
mining the compressible potential flow associated with
the configuration of the compressor and its operating
conditions. DBasic general equations governing the
three-dimensional compressible flow in turbomachines
have been developed in eonvenient forms to be used for
both theoretical and experimental investigations. These
equations were employed in determining the radial flow
involved in, and its effect on, the design of two axial-
flow compressors and a turbine with a large number of
blades. The solutions obtained are for small, large, and
infinite blade-row aspect ratios. As reported in Tech-
nical Note 1795, the radial motion is found to consist of
a component due to the taper in the passage wall and an
oscillatory component caused by the different radial
variation of specific mass flow at different stations along
the axis of the machine. The effect of the radial flow
is increased with higher aspect ratio and flow Mach
number.

With the assumption of the linearized pressure-vol-
ume relation, a solution of the problem of designing an
airfoil with any theoretically attainable, preseribed, di-
mensionless velocity distribution in a potential flow of
compressible fluid was obtained by a method of corre-
spondence between potential flows of compressible and
incompressible fluids (Technical Note 1918). The
method was then extended to include the designing of
cascade blades for a given turning of the air flow and 2
preseribed velocity distribution along the blade.

Besides the potential-flow studies, investigations have
been made to determine the magnitude of some of the
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limitations imposed on compressor performance by vis-
cosity and compressibility. From consideration of
available information on boundary-layer behavior, a
relation of profile thickness, maximum surface velocity,
Reynolds number, velocity diagram, and solidity has
been established for a cascade of airfoils immersed in s
two-dimensional incompressible fluid flow. The effect
of various cascade-design parameters on minimum re-

quired cascade solidity has been developed by several .

illustrative examples {Technical Note 1941).

A theory developed for the analysis of-two-dimen-
sional compressible flow in centrifugal and mixed-flow
impellers is presented in Technical Note 1744. The va-
riables taken into account are: Tip speed, flow rate,
number of blades, and passage-area variation. The
analysis is first developed for arbitrary blade shapes
and then applied to several specific shapes of blade.

An analytical study was made of four combinations
of subsonic and supersonic flow in the rotor- and stator-
blade passages of axial-flow compressors. A compres-
sor with a rotor-contained normal shock and subsonic
velocity at the stator entrance was theoretically capable
of producing a total-pressure ratio of about 3.5 per
stage. A compressor with a rotor-contained normal
shock and supersonic velocities at the stator entrance
permitted total-pressure ratios above 6.0 per stage. A
compressor utilizing supersonic flow throughout the ro-
tor with complete diffusion in supersonic stators pernit-
ted total-pressure ratios above 5.0 per stage. A com-
pressor with subsonic velocity in the rotor and super-
sonic velocity in the stator entrance permitted pressure
ratios of 2.2 per stage. '

Experimental Compressor Aerodynamics

Investigations to determine methods of improving
the performance of single-stage and multistage axial-
flow compressors and of investigating the pertinent
fundamentals of flow are continuing. In general, the
research effort has been concentrated on increasing the
pressure ratio per stage in order to reduce both the
weight and the cost of axial-flow compressors.

An investigation was conducted on a 14-inch-diame-
ter model of a typical inlet stage of a multistage axial-
flow compressor to study the effect of-the velocity dia-
gram on pressure ratio, efficiency, and weight flow. The
results of this investigation indicated that a compressor
inlet stage designed on the basis of a symmetrical ve-
locity diagram at all radii is capable of high flow capac-
ities at reasonable stage pressure ratios and permits the
use of the high rotor speeds that are desirable from the
standpoint of high pressure ratio in the latter stages of
a multistage compressor.

Several investigations have been conducted to deter-
mine the performance of large centrifugal compressors

that-are components of aircraft gas-lurbine power
plants. A series of four compressor configurations
was experimentally investigated to determine possible
sources of losses and to analyze improvements afforded
by subsequent modifications., Design changes in the
impeller and the diffuser resulted in a 36-percent in-
crease in weight flow (without any over-all change in
power-plant size), a 5-point increase in over-all cfli-
ciency, and an increase in peak pressure ratio of 11 per-
cent at the operating speed of the power plant.

The effects on compressor performarnce resulting
from injecting water (or other fluids) into the inapeller
for augmentation purposes have been analyzed. For
the inlet conditions considered and for pressure ratios
below 8:1 this study showed that water-air ratios less
than 0.05 were very effective in increasing pressure
ratio and weight flow. When the water rate is increased
above this figure, however, the excess water is essen-
tially wasted, as far as compressor performance is con-
cerned. The method of analysis was then applied to the
data obtained from three large double-entry centrifu-
gal compressors operated with water injection at fhe
impeller inlet at a water-air ratio of 0.05. Although
the pressure ratio and weight flow of the compressor
were increased, the power required fo drive the com-
pressor increased to such an extent that the adiabatic
efficiency was reduced by over 10 percentage points.
This impairment in efficiency does not nullify the gains
in engine performance resulting from the observed in-
creases in pressure ratio and weight flow.

An analysis of a compressor utilizing supersonic flow
throughout the rotor and experimental investigations
on two-dimensional turning passages to simulate the
blade shapes of such a compressor have been completed,
The measured losses on the two-dimensional turning
passages varied from 5 to 15 percent of the inlet stag-
nation pressure, the smallest loss being obtained for a
passage in which separation on the convex surfaco
was minimized through introduction of a favoerable
pressure gradient,

Vibration Analyses of Compressors

An investigation was conducted to determine the fac-
tors affecting the vibration of axial-flow compressor
blades. : Inlet disturbances at the entrance guide vanes
were found to affect the vibrations of all stages of a
10-stage compressor. In general, the tendency was to
increase-blade vibration, but in some cases the arrange-
ment of the disturbances had the heneficial effect of
reducing vibrations. Of the various factors tending to
damp blade vibrations, aerodynamic damping was
found to be the most important. Approximately four-
fifths of the total damping in the experimental com-
pressor was attributable to aerodynamic effects.
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The effects of centrifugal force on the flutter of
compressor and turbine blades were investigated. Two
methods of analysis were used in the investigation. The
first was an approximate method, employing the con-
ventional assumption that the flutter motion could be
represented by just two degrees of freedom, the fun-
damental uncoupled torsion, and bending modes. In
the second method, a solution of exact equations of
flutter motion in a field of centrifugal force was ob-
tained. Both methods showed essentially the same re-
sults: Centrifugal force can be detrimental by reducing
the critical flutter speed, but if the flutter coefficient is
kept below approximately 4, which is generally the case
for compressor and turbine blades, there is little pos-
sibility of the occurrence of flutter at low angles of
attack. Hence, the important cases of observed com-
pressor and turbine-blade Autter are of the “stalling-
flutter” type.

Under NACA sponsorship the Massachusetts Insti-
tute of Technology has designed and investigated a
condenser-type microphone to take instantaneous pres-
sure measurements under conditions typical of those
existing behind the rotating blade elements of a com-
pressor or turbine, The principal design element of
this instrument is a dome-shaped diaphragm which is
fitted to a standard pressure indicator and recording
system. The dome-shaped diaphragm was shown to
have a better frequency-sensitivity characteristic than
u flat-plate-type diaphragm. Also, with regard to the
problem of instantaneous pressure measurements, the
response of a pitot-tube system to large-amplitude
pressure fluctuations has been studied. A sound gen-
erator was designed to produce the large-amplitude
fluctuating pressure and various pitot-tube systems were
investigated.

SUBCOMMITTEE ON TURBINES

Experimental and theoretical research investigations
on turbines having the general objectives of improving
the efficiency, flow capacity, and expansion ratios across
the turbine are continuing. Blade shapes that satisfy
the aerodynamic, thermodynamic, and strength require-
ments, and which are easy to manufacture, are essential
to the development of the turbines for gas-turbine power
plants of high-speed, long-range aircraft. Research on
methods of cooling turbine blades is also receiving em-
phasis because turbine cooling offers a means of utilizing
low-alloy materials, as well as permitting operation at
higher turbine-inlet temperatures.

Theoretical Turbine Aerodynamics

The similarity of the aerodynamic problems arising
in compressor and turbine research makes the results of

nearly all the theoretical research on compressors ap-
plicable to turbines. Also, owing to the fact that the
solidity of turbine blades is usually much greater than
that of compressor blades, the comparatively simple
“stream-filament™ methods can be used to correlate the-
oretically the turbine-blade shapes with the velocity
distributions in compressible flow. By using the basic
principles of the stream-filament method, a step-by-step
procedure has been devised for designing turbine blades
with given velocity distributions on the suction surfaces
(Technical Note 1931).

The difficulties in instrumenting rotating turbine
blades to obtain fundamental information about the
complex-flow phenomena have resulted in research with
both two-dimensional and annular static cascades. A
comparison was made between the calculated design
performance of 2 gas-turbine stator blade and its per-
formance in a sector of an annular cascade tunnel.
Information was obtained on the three-dimensional
effects that occur and the influence these effects have
upon various performance parameters. The gas veloci-
ties on the blade surfaces were computed by the stream-
filament method and then compared with the experi-
mental values (Technical Note 1810}).

The analytical determination of the performance of
a gas-turbine engine under various operating conditions
or the prediction of engine performance at other than
design conditions requires a knowledge of the complete
performance of each of the engine components. A
method was developed for estimating turbine per-
formance from the blade angles and fiow areas. The
method is based on assumptions that determine the
variation of turbine-blade pressure losses and turning
angles with variations of angle of incidence and en-
trance Mach number. The performance of a turbine of
an aircraft gas-turbine engine was determined by means
of the analytical method and the results compared
favorably with experimental data.

A method of obtaining turbine-performance charac-
teristics by use of a combination of two-dimensional
and three-dimensional stationary-cascade investigations
has been developed. The object of this study was to
reduce the experimental work required to predict tur-
bine performance.

Experimental Turbine Aerodynamics

A family of turbine rotor-blade designs based on one-
dimensional flow theory and incorporating systematic
changes in design variables is being investigated. A
single-stage turbine having 40-percent reaction had 2
maximum internal efficiency of 84 percent at a total-
pressure ratio of 3.5 and & hub-tip ratio of 0.8.

The air flow in turbines generally encounters favor-
able pressure gradients and therefore the problem of



32 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

attaining high blade-element efficiencies with turbine
blades is not nearly so acute as in the case of compressor
blades. The losses arising from blade-tip leakage and
from improper flow distribution ahead of the turbine
rotor, however, may seriously impair turbine perform-
ance. In order to determine soma effects of stator-cone
angle and blade-tip leakage, a single-stage turbine was
investigated with stater-cone angles of 70° and 0° and
with two stationary shrouds: (1) A labyrinth, no-leak-
age shroud and (2) a cylindrical, stationary shroud.
In combination with the labyrinth shroud the 0° cone-
angle stator gave a turbine efficiency slightly higher
than the 70° cone-angle stator. When the labyrinth
shroud was replaced by the cylindrical shroud, the effect
on efficiency was negligible.

Theoretical Turbine Thermodynamics

Analyses have been made to explore the efficiency of
various methods of blade cooling. Analytical investi-
gation of the use of ceramic coatings as insulation on
water-cooled turbine blades indicated that, in order to
obtain practical results, 2 very low-conductivity coat-
ing must be used. With such coatings, many metals
and alloys with intermediate conductivities (between
15 and 210 Btu/(hr) (sq ft) (°F./ft)) might be suit-
able for turbine use. _

Preliminary studies of the use of low-alloy mate-
rials for cooled turbine blades for application to a
turbojet engine were made. It was found that the cur-
rent values of turbine-inlet temperatures could be ob-
tained with air-cooled blades made from low-alloy ma-
terials by having fins inside the blades to give large heat-
transfer surfaces. Slight increases in specific fuel con-
sumption are necessary, however, for maintaining the
thrust of the engine when use is made of cooled turbine
blades.

Experimental Turbine Thermodynamics

Experimental data on the heat transfer from hot gas
to a cooled cascade of impulse blades and from cool gas
to the same cascade of blades in a heated state have been
obtained. To date, the use of a velocity and a pres-
sure that are the averages of the velocities and the pres-
sures about the blade as the basis for Reynolds number
determination has provided the best correlation of these
data. It was found that the heat-transfer coefficients
for impulse blades are higher than those for reaction
blades and that the blade angle of attack has a large
effect on the heat-transfer coefficients.

An investigation was conducted to determine the
effect of turbine-disk cooling with air on the efficiency
and the power output of a radial-flow turbine. Over
the normal operating range of the turbine, varying the
corrected cooling-air weight flow from approximately
0.30 to 0.75 pound per second produced no measurable

effect on the shaft horsepower or adiabatic efliciency.
Varying the turbine-inlet total temperature from 1,200°
to 2,000° R. caused no measurable change in the cor-
rected cooling-air weight flow.

Stress and Vibration Analyses of Turbines

In the preliminary stage of engine design or in a
comparative evaluation of various types of power plant,
it is desirable to have a method of obtaining the ap-
proximate weights of the various engine components
and of determining the relative influence of various de-
sign variables. An analysis was made to show the ef-
fects of blading aspect ratio and solidity, the ratio of
centrifugal stress at the blade roots to that in the disk,
and the ratio of wheel diameter at the blade root o
wheel diameter at the blade tip on {urbine-wheel weight
for a wheel model based on the DeLaval equation for a
disk of nuniform strength (Technical Note 1814).

Considerable attention was directed to stress and vi-
bration problems of hollow blades for gas turbines.
Hollow blades are subject to more serious vibrations
than those encountered in solid Llades. In an investi-
gation of two blades of similar aerodynamic design, one
solid and one hollow, it was found that approsimately
twice as many vibration modes were readily excited in
the hollow blade as in the solid blade. Peculiar {o the
hollow blade was a very easily excited “Lreathing mode”
in whicly the two sides of the blade moved alternately
toward and then away from each other, causing stress
concentrations to be produced at the leading and trail-
ing edges of the blade.

A direct rational method has been developed for de-
signing turbine disks to operate at any desired stress
distribution resulting from the centrifugal effeets of ro-
tation and thermal effects of conduction from the hot
gas. By this method, it is possible to design disks each
portion of which operates at a uniform level of stress-
to-strength ratio, thus resulting in engines of minimum
weight and most efficient utilization of scarce alloying
materials (Techuical Note 1957).

An experimental investigation was conducted to
check a theory explaining the occurrence of rim erack-
ing of gas-turbine wheels with welded blades. The
theory asserts that cracking is the result of subjecting
the rim material to plastic flow alternately in compres-
sion as.a result of high-temperature gradient and in
tension as a result of residual stresses upon cooling. In
the experimental investigation, a disk that had previ-
ously been used in an engine and several small simu-
lated turbine disks containing machined stress concen-
trations were subjected to thermal cyeling similar to
that undergone by disks in service operation. The oc-
currence of rim cracking in accordance with theoretical
predictions, particularly their occurrence during the
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predicted cooling portion of the cycle, verified the
theory and pointed to several remedial measures that
could be taken to minimize or prevent such rim cracking.

SUBCOMMITTEE ON HEAT-RESISTING
MATERIALS

Fundamental Factors Affecting the Strength of
Materials

Certain gas-turbine parts must withstand thermal
shock caused by rapid cooling and heating. An analy-
sis was made to determine which properties of ceramic
materials affect their resistance to fracture by thermal
shock. A criterion was developed from this analysis
and was qualitatively verified by experiment. Resist-
ance to fracture by thermal shock was shown to be de-
pendent upon thermal conductivity, tensile strength,
thermal expansion, and duectility modulus (ratio of
stress to strain at fracture) (Technical Note 1918).

Phenomena such as age hardening, annealing, and
order-disorder transformation depend on the ability of
atoms to migrate through an atomic lattice. One
method of determining the movements of atoms within
a lattice is to study the rates at which metals diffuse into
each other under controlled conditions. A special case
of diffusion in metals is the case of self-diffusion. Ina
theoretical study an expression for the diffusion con-
stant for self-diffusion in metals was derived based on
the assumption that self-diffusion occurs by the vacancy
mechanism (Technical Note 1856).

Simple bonding experiments were made to indicate
the compatibility of various metals and of ceramics to
-form a ceramal (2 mixture of high-melting-point metal
and refractory oxides or carbides). The temperature,
time at temperature, and atmosphere suitable for sin-
tering the ceramal were indicated by the results of these
preliminary experiments. The bonding experiments
conducted with boron carbide and each of four metals
showed that cobalt, iron, and nickel formed a bonding
zone between the metal and the ceramic and that chro-
mium showed physical wetting characteristics on the
ceramic (Technical Note 1948).

The NACA sponsored an investigation at the Uni-
versity of Michigan on the fundamental effects of aging
and solution-treating on the creep properties of low-
carbon N-155 alloy. In this investigation the reactions
taking place during aging were partially defined and
measured. A theory was outlined describing the role
of precipitation and its effect on creep properties.

Another phase of the University of Michigan inves-
tigation concerned the effects of heat treatment and hot-
cold work on properties of low-carbon N-155 alloy. It
is expected that the trends shown in this investigation
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for the various treatments will hold for other alloys. It
is not expected, however, that the optimum treatments
will be the same for all alloys. It was concluded that
wide ranges in properties of most of the better alloys
developed for gas-turbine service have been due to the
influence of heat treatment and processing conditions.
The treatments used have been of more influence than
wide ranges in chemical composition. The properties
of alloys in the hot-worked condition are quite variable
because hot-working simultaneously involves solution
treatments, aging, and hot-cold work.

As a means of extending basic knowledge on heat-
resisting materials the NACA has sponsored an inves-
tigation at the University of Notre Dame on the chro-
mium-cobalt-nickel alloy system. A preliminary survey
of this system has been completed at 1,200° C.

Evaluation of Material Properties

Short-time tensile strength, thermal-shock resistance,
coeflicient of linear expansion, and density of seven hot-
pressed ceramics were determined. The compositions of
the ceramics were magnesium oxide, titanium carbide,
zirconium carbide, boron carbide, 85 percent silicon
carbide plus 15 percent boron carbide, silicon, and
zirconia stabilized with 6 percent lime. Titanium car-
bide had the best resistance to thermal shock and showed
the best over-all characteristics of the seven composi-
tions investigated.

The properties of ceramals of titanium carbide plus
5, 10, 20, and 30 percent of cobalt, molybdenum, and
tungsten were investigated. The properties evaluated
were elevated-temperature tensile strength, elevated-
temperature modulus of rupture, coefficient of linear
expansion, and density. A study was also made of the
microstructure of the ceramals. The ceramals exhibit-
ing the highest strength as determined by modulus-of-
rupture evaluations at 1,600° and 2,000° F. were 80 per-
cent titanium carbide plus 20 percent cobalt and at 2,400°
F. were 90 percent titanium carbide plus 10 percent
molybdenum. It was thus shown that the use of metals
having better refractory properties imparted higher
strengths at the higher temperatures (Technical Note
1915). Further studies of these titanium-carbide-base
ceramals were made to determine their oxidation-pene-
tration characteristics at various temperatures and ex-
posure periods. The ceramals containing molybdenum
showed the least resistance to oxide penetration and the
tungsten and cobalt ceramals were about equal in the
time-temperature range for which the data were com-
parable. The oxides formed on the molybdenum ceram-
als had no protective value in inhibiting further oxida-
tion, whereas the oxides formed on the tungsten and
cobalt ceramals served as protective coatings (Technical
Note 1914).
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An investigation sponsored by the NACA at the
University of -Michigan produced data on stress rup-
ture and creep properties of S-59Q alloy, S-816 alloy and
Inconel-X alloy from Jarge forged disks similar to
those used for gas-turbine wheels.

The investigation at the University of Michigan also
showed that the 100- and 1,000-hour rupture strength
at 1,200° and 1,300° F. varied approximately linearly
with the cobalt content of alloys with 20 percent chro-
mium, 20 percent nickel, 4 percent molybdenum, 4 per-
cent tungsten, 4 percent columbium, and the remainder
iron. Cobalt apparently stabilizes and controls the
type and distribution of precipitated particles which
give these alloys their high-temperature strength.

An investigation was also undertaken at the Univer-
sity of Michigan to determine by means of tensile tests
whether service in combustion chambers of jet engines,
estimated to be at 1,700° to 1,800° F., would increase
the brittleness at 1,200° to 1,400° F. The results
showed that the operation at the higher temperatures
would not adversely affect the ductility at 1,200° to
1,400° F. as measured in the tensile test. In fact, duc-
tility seemed to be improved by exposure at the higher
temperatures.

Performance of Materials under Operating Con-
ditions

An investigation of turbojet combustion-chamber
liners from two types of engines was conducted to de-
termine the factors contributing to liner failure by
cracking. It was found that buckling was produced at
or near most cracks by thermal stresses that resulted
from over-all temperature gradients and from Iocal
temperature gradients at louvers in the liners. Cracks
that formed in the buckle were attributable to thermal
fatigue. The results indicated that cracking may be re-
tarded and liner life prolonged by removing stress-
raisers produced by punching operations (Technical
Note 1938). T T T '

Ceramals offer promise of permitting higher operat-
ing temperatures in gas-turbine engines. The problems
arising in the use of a carbide-type ceramal for
gas-turbine blades were evaluatéd. Specimens of a
ceramal composed (by weight) of 80 percent titanium
carbide plus 20 percent cobalt were investigated. Gas-
turbine blades of this material were operated in a quasi-
service evaluation unit. The results indicated that this
carbide-type ceramal may be suitable for gas-turbine-
blade operation at relatively high temperatures for
short times (Technical Note 1836).

The effectiveness of chrome plating in preventing oxi-
dation and erosion of graphite rocket nozzles was inves-
tigated. This investigation was conducted on a 1,000-
pound-thrust acid-aniline rocket. The results showed

that a thin chromium plating on the internal surface of
graphite nozzles was effective in preventing the oxida-
tion and the erosion that occurred during a run with
unprotected graphite.

As a part of the research program on protective coat-
ings for high-temperature materials an investigation
was conducted on two ceramic coatings developed by the
National Bureau of-Standards to determine their suit-
ability for turbine-blade application. Operation of
blades with these coatings in a turbojet engine indicated
that the fusion temperature of cne yas oo low and
some of the coating was thrown off. The other coating
remained intact through 83 hours of operation except
for a small amount of flaking caused by mechanical
damage to the blades.

SUBCOMMITTEE ON PROPULSION-SYSTEMS
ANALYSIS

Comparative Performance of Various Engine Cycles

A method for predicting equilibrium performance of
turbojet engines was developed, with the assumption
of simple model processes for the components. Results
of the analysis were presented in terms of dimernsionless
parameters derived from critical engine dimensions
and over-all operating variables. The analysis was
made for an engine in which the ratio of axial-inlet-air
velocity to compressor-tip velocity is constant and ap-
proximates that of turbojet engines with axial-flow
compressors (Technical Note 1956).

The characteristics of-a turbine and a propeller were
investigated to determine the conditions of maximum-
efficiency operation when utilized as an independent
turbine-propeller combination. A method was devel-
oped for matching turbine and propeller characteristies
for maximum over-all efficiency. The conditions for
maximum-efficiency operation were found to be defined
adequately by turbine-inlet temperature, pressure ratio,
and propeller speed for all flight conditions investigated
(Technical Note 1951).

Theoretical and experimental investigations were
conducted to determine the performance potentialities
of a highly compounded engine of the gas-generator
type consisting of a two-stroke-cycle compression-igni-
tion engine driving a compressor with a turbine driven
by the exhaust from the engine. The turbine furnished
the useful work of the cycle. Analyses of this type of
power plant have indicated a very low specific fuel
consumption combined with low specific weight and
frontal area. The gas-generator-type engine has been
evaluated analytically by comparing the pay-load-range
performance of an airplane equipped with this type of
power plant with the same airplane equipped with sev-
era] other contemporary engines. Experimental investi-
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gations have been undertaken to check the assumptions
pertaining to the performance of the reciprocating-
engine component of the gas-generator-engine analysis.

The very high manifold pressures associated with the
gas-generator-type of engine require the use of a high-
pressure-ratio compressor system. An analysis of the
various compressor combinations indicetes that com-
pressor systems can be provided that should give satis-
factory operation and control for altitudes from sea
level to 50,000 feet.

Thrust Augmentation

The performance of different types of “clamshell”
variable-area exhaust nozzles for turbojet engines has
been determined on afterburners and standard tail
pipes, using full-scale turbojet engines at zero-ram sea-
level conditions. This type of nozzle properly de-
signed is mechanically reliable under after-burning
conditions. Efficiencies of the various types were with-
in 0 to 8 percent of the efficiency of conventional fixed-
area exhaust nozzles.

The operational and performance characteristics of
two different types of commereial afterburner and sev-
eral NACA afterburner designs augmenting the thrust
of commercial-type turbojet engines have been deter-
mined in altitude test facilities. Determinations were
made of the operable range of afterburner fuel flow,
burner-ignition characteristics, stability of combustion,
and burner-shell temperatures, over a range of simu-
lated-flight conditions for each configuration. Marked
improvements in the operation and the performance of
tail-pipe burners were obtained by means of systematic
modifications of the flame holder and fuel system.
Results obtained with these modifications extended the
knowledge of design requirements for tail-pipe burners.
Thermodynamics and Heat Transfer

Based on an analysis of the compressible-flow varia-
tions occurring in heat-exchanger passages, working
charts have been constructed to enable convenient deter-
mination of the pressure drop sustained by air flowing
in turbulent motion through a smooth-wall passage
heated to constant-wall-temperature conditions. The
effect on the flow process of a high temperature differen-
tial between the passage wall and the fluid may be
accounted for in the use of the charts by a method de-
rived from recent NACA experimental data.

The experimental investigation to obtain surface-to-
fluid heat transfer and associated pressure-drop infor-
mation at high surface temperatures and flux densities
has been extended to average surface temperatures of
2,050° R. and heat flux densities of 15,000 Btu per hour
per square foot. An additional investigation was con-
ducted with air flowing through an electrically heated

silicon-carbide tube at average surface temperatures up
to 2,500° R.

Control Problems

The problem of accurate fuel metering for recipro-
cating aircraft engines has become of increasing im-
portance in recent years because of the development of
long-range, high-altitude aircraft. An analysis of air-
craft-carburetor design was completed which dealt pri-
marily with altitude-compensating systems. A prac-
tical method was derived, which presents a possible
means of obtaining accurate altitude cempensation
(Technical Note 1874).

The current development of gas-turbine engines indi-
cates a future trend toward a wide variety of engine
types. As pew engines are developed by combining
basic components of existing engines, the control prob-
lem presented by each engine type will be different. A
general algebraic method of attack on the problem of
controlling gss-turbine engines having any number of
independent. variables was developed employing opera-
tional functions to describe the assumed linear char-
acteristics for the engine, the control, and other units of
the system (Technical Note 1908).

A basic problem confronting the designer of engine
controls is that of determining the dynamie behavior
of the complete engine and control system under vary-
ing conditions of operation. A method of analysis was
developed to obtain the frequeney response character-
isties of a complete system assuming the system to be
linear and provided appropriate transient data were
available (Technical Note 1935).

SUBCOMMITTEE ON LUBRICATION AND WEAR

Needle Bearings

An analytical and experimental investigation was
made of needle bearings at rotating speeds to 17,000
rpm. The analytical factors considered included:
Stresses due to aircraft maneuvering loads, deforma-
tions due to operation at high temperatures, and inter-
nal forces within the bearing. An expression for end
thrust was derived wherein end thrust was found to be
approximately equal to the external load multiplied by
an over-all equivalent coefficient of friction. This
equivalent coefficient of friction was experin:entally ob-
tained over & wide range of operating conditions. It
was found that the stiffness of the needle was a sig-
nificant factor with shaft deflection present. The ex-
perimenal results for end thrust developed within a
needle bearing agreed qualitatively with the derived
expression. In general, the percentage of slip within
the bearings increased with increase in speed. The data
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indicated that the orbital needle speed may become
independent of shaft speed at high values of-shaft
speed and at low loads (Technical Note 1920).

Bearing Erosion

The erosion of bearings is a constant source of trouble
in many bearing applications. An investigation was
conducted to determine the effect of high shear rates on
erosion of common bearing metals. Studies were made
with filtered oil flowing at mean surface shear stresses
of 11 and 48 pounds per square inch (roughly corre-
sponding to mean surface rates of shear of 1.0X10%
and 19 X 10° reciprocal seconds, respectively) for periods
of 6 hours. Under these conditions, specimens of cop-
per, silver, and lead showed no indication of erosion or
other surface damage. Studies made by flowing un-
filtered oil through a flow path, one surface of which
constituted the erosion specimen, produced a pseu-
doerosion that resembled erosion found in aircraft
power plants. This pseudoerosion was found, by
visual observation, to be caused by small foreign par-
ticles creating a multiplicity of small scores on the speci-
men surface. It was further observed that particles
smaller than the oil-film thickness were capable of pro-
ducing another type of erosion if the oil in which the
particles were carried was forced to change direction
suddenly (Technical Note 1887).

Sliding and Rolling Friction

An experimental investigatioﬁ was conducted to
establish the oxidation characteristics of molybdenum
disulfide (MoS,;) and to determine the effect of such

oxidation on its role as a solid-film lubricant for rela-
tively high temperature conditions. The oxidation
characteristics were established with elevated-tempera-
ture X-ray-diffraction tecliniques. The effects of
various degrees of oxidation of surfaces coated with
MoS, on friction at high sliding velocities were studied.
With sliding velocities between 50 and 8,000 feet per
minute and a load of 269 grams, a coating of MoS,
serving as a solid-film lubricant maintained low friction
values during its oxidation as long as an effective sub-
film of MoS, remained. Films of the oxidation product
of MoS, (namely, molybdenum trioxide) alone pro-
duced very high friction. 'When heated in air at 750°
F., MoS, began to oxidize at a very low rate, the rate
increasing steadily and becoming high at 1,050° F. and
above. When heated to 1,000° F. in vacuum, MoS,
maintained its original hexagonal structure (Technical
Note 1882).

0il Foaming

Under certain types of operation in aircraft the foam-
ing of lubricating oil can prevent adequate lubrication
of critical engine components. An investigation of the
fundamental factors affecting the foaming characteris-
tics of lubricating oils was conducted at Stanford Uni-
versity under the sponsorship of the NACA. The
results of this investigation are reported in Technical
Notes 1840, 1841, 1842, 1843, 1844, 1845, 1846, and 1847.
Data were obtained on a number of commercially avail-
able products showing their tendency to foam relative
to each other. In addition, theories were proposed for
the behavior of the various materials studied.

AIRFRAME CONSTRUCTION RESEARCH

COMMITTEE ON AIRCRAFT CONSTRUCTION

The Committee on Aireraft Construction has during
the past year reviewed the programs of research under
its cognizance with particular emphasis on the problem
of predicting the fatigue life of sircraft. The impor-
tance of take-off, landing, and taxying problems as
influenced by the increasing speed and size of aircraft
has also received attention. As in the past, a consid-
erable amount of the NACA research effort on structural
materials and structures was performed under contract
by universities and other nonprofit scientific institutions.

Fatigue Life of Aircraft

Research pertaining foairframe construction involves
both the determination of the operating conditions of
the airframe as well as the investigation of suitable
materials and structures to meet these conditions. In-
vestigation of the factors affecting structural design
intraduces problems of joint concern to the structures

engineer and the aircraft-loads engineer. One of these
problems is the prediction of the life of aircrafl as
affected by fatigue. :

During the past few years the trend in aircraft design
and operating procedures has been such as to cause the
problem of fatigue of aircraft structures to become of
serious concern. In line with this trend the Committee
on Aircraft Construction during the past year has
reviewed both the fatigue problem and the program
that has been under way to alleviate it.

The problem of predicting quantitatively the fatigue
life of aircraft structures under service operating con-
ditions may be considered to consist of {two phases: (a)
The determination of the repeated service loads and
(b) the determination of the resistance of the strueture
to the repeated loads. These two phases of the problein
are interrelated : The resistance of the struecture to re-
peated loads depends on the manner in which the loads
are applied; yet adequate measurement and expression
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of these loads require a knowledge of how the resistance
of the structure depends on the manner of loading.
This interrelation requires that the fatigue problem be
regarded as having a third phase (¢), the development
of a reliable theory relating fatigue life to manner of
loading.

Phase (a) of this problem consists of the determina-
tion of repeated service loads as functions of the im-
portant operating and structural parameters, and the
adequate expression of these loads. During the past
year, emphasis has been placed on gust loads, as these
appear to be of the greatest importance. The results
of gust-loads studies are outlined in the section entitled
“Subcommittee on Aircraft Loads.”

Phase (8) of this problem consists of the determina-
tion of fatigue properties of basic materials, the effects
on these properties of stress-raisers resulting from fab-
rication, the fatigue properties of structures, and finally
the effects on these properties of the manner in which
loads are applied. The first two parts of this phase are
discussed in the section entitled “Subcommittee on Air-
craft Structural Materials.” The latter two parts are
considered to be in the sphere of interest of the Sub-
committee on Aircraft Structures and investigations
directed toward the solution of these problems are cur-
rently under way.

Phase (¢) of this problem, which concerns the evalua-
tion of the fatigue damage caused by the cumulative
effect of various loads, appears possible only after a
large amount of fatigue data has been obtained under
very carefully controlled conditions. Having such data,
it should be possible to appraise existing damage theo-
ries and, if necessary, to develop a new theory. It is
intended that the investigations now under way should
provide satisfactory data for establishment of a relia-
ble damage theory.

SUBCOMMITTEE ON AIRCRAFT STRUCTURES

Stress Distribution

The buckling resistance of a plate to one type of load
is usually lowered by the presence of another kind
of load. The most important of the load combinations
is that consisting of shear, which arises in the wing
skin from twisting, and compresston, which arises
from bending. The buckling strength of flat plates
under the simultaneous action of these two loads was
studied experimentally through tests on long square
tubes (Technical Note 1750). The results were found
to validate the use of the theoretical parabolie inter-
action curve which applies to an isolated plate.

In conjunction with the foregoing investigation, a
theoretical study was made of the buckling behavior of

a seamless square tube under torsion and compression
in order to evaluate the extent to which the buckling
strength of a square tube differs from that of four iso-
lated plates (Technical Note 1751). The major differ-
ence found was that for a square tube more than 35
percent of the eritical shear stress can be applied before
the compressive strength is in any way reduced, whereas
for an isolated plate the presence of some shear always
reduces the amount of compressive stress required for
buckling.

In most studies of the compressive buckling of flat
plates, the prebuckling stress was assumed to be uniform
throughout the plate. There are many practical cases,
however, in which the compressive stress is not uniform
but varies from one loaded edge to the other, as, for ex-
ample, when the plate forms part of the upper skin of
an airplane wing in bending. The buckling of a simply
supported plate under a linearly varying compressive
stress was therefore studied theoretically (Techuniecal
Note 1891). The results showed that a plate with a
linear stress gradient will buckle with an average stress
that is lower, but with & maximum stress that may be
appreciably higher, than the uniform compressive buck-
ling stress of the same plate.

Stability

At a conference on aireraft structures held at the
Langley Laboratory in May 1948, it was mentioned that
the use of vertical posts to replace interior shear webs
was being considered seriously by the aireraft industry.
As a first step in the study of this type of construction,
the compressive buckling of simply supported flat plates
supported in the interior by equally spaced rows of rigid
posts was investigated. It was found that such plates
buckle with either transverse nodes or longitudinal
nodes passing through the rigid posts, the occurrence
of one buckling mode or the other depending upon the
number and spacing of the posts.

For the achievement of high strength to resist the
compressive forces arising from wing bending, the up-
per surface of the wing is usually reinforced by longi-
tudinal stiffeners. Charts giving the compressive buck-
ling strength of simply supported flat plates so rein-
forced have therefore been computed (Technical Note
1825). Plates with one, two, three, or an infinite num-
ber of identical, equally spaced stiffeners having zero
torsional stiffness were considered.

The compression skin of the wing is sometimes sta-
bilized by chordwise rather than spanwise stiffeners.
The results of a compressive-buckling analysis have been
used to construet charts for the minimum-weight design
of this type of construction (Technical Note 1710).

The design of wing spars having shear webs with
uprights and the design of chordwise-stiffened, wing-
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skin penels to resist wing torsion require a knowledge
of the buckling strength of transversely stiffened long
plates under shear. This problem was studied theoreti-
cally for simply supported flat plates in which the stiff-
eners are identical, are equally spaced, and have zero tor-
sional stiffness (Technical Note 1851). Experimental
results were found to be in good agreement with theo-
retical results.

The longitudinally stiffened panel of small aspect
ratio has long been one of the most important struc-
tural components for which large amounts of experi-
mental data have been accumulated. In order to make
these data useful in design, a system of direct-reading
charts had been developed to make possible the deter-
mination of the stress and panel properties required for
a given loading; the first set was published last year.
Two additional sets have been published as Technical
Notes 1777 and 1778 for panels of 24S-T alloy with
Y-stiffeners and Z-stiffeners, respectively.

The Y-stiffener (with straight webs) had been devel-
oped in order to achieve higher efficiency than that
which could be obtained by conventional stiffener
shapes. As a further improvement Y-stiffeners with
curved webs were developed. Tests in a series of pan-
els with such stiffeners of 75S-T aluminum alloy
showed increased efficiency in panels designed to fail
at high stresses (Technical Note 1787).

Previous work on panels with formed stiffeners had
indicated that the Z-stiffener, which is very desirable
from the production point of view, has also a high struc-
tural efficiency. In order to give thorough coverage on
this type of stiffener, a program on panels with extruded
(instead of formed) Z-stiffeners was undertaken. The
data obtained todate on 75S-T alluminum-alloy panels
have been published in Technical Note 1829.

The investigation of the effect of rivet diameter and
pitch on the strength of compression panels has been
continued. In Technical Note 1737, a marked effect of
rivet strength on the local buckling strength of Z-stiff-
eners was reported.

The diagonal-tension theory was intended originally
for beams with thin webs, in which the ratio of shear
stress at failure to buckling shear stress (the so-called
“loading ratio”) was of the order of several hundred.
Because of the various trends in design, much lower
loading ratios are now frequently encountered, and it
was deemed advisable to check the accuracy of the
theory for low loading ratios. A series of tests was
therefore made on thick-web beams, and, after some
modifications, the theory was found to be applicable
to beams having loading ratios Iess than 2.5 (Technical
Note 1820). Additional test data were also provided on
the failure of webs by tearing along the rivet line (Tech-
nical Note 1756).

As a continuation of the study of the buckling
strength of curved elements of the airplane skin, the
case of curved rectangular plates under compression
with simply supported edges and a centrally located
longitudinal stiffener of zero torsional stiffness was
studied theoretically (Technical Note 1879). Because
panels of moderate or large curvature have been found
to buckle in axial compression at loads below the theo-
retical value, an empirical modification of the theoreti-
cal solution was suggested for use in design.

The tension skin of an airplane wing and the ribs
connecting it to the compression skin have finite stiff-
ness and will, in general, distort along with the com-
pression skin when buckling of that skin occurs. For
thin wings it may therefore be necessary to consider
the stability of the wing as & whole in addition to the
stability of its individual components. As a first step
toward the solution of this problem, the buckling of
parallel tension and compression members connected
by elastic deflectional springs was studied (Technical
Note 1823). This case is an idealization of the type of
construction in which the rib spacing is small by com-
parison with the spar spacing.

The existing theory of shear lag, that is, of stress dis-
tribution in shells of the type used in aireraft construe-
tion, is based on a number of simplifying assumptions
which introduce errors of unknown magnitude. The
shear-lag analysis of wing covers, for instance, is based
on the assumption that the transverse ribs are infinitely
stiff, and it was known that this theory would lead to
very large errors in the shear stresses in some cases. A
simple approximate method was therefore developed
(Technical Note 1728) which gives a reasomably accu-
rate estimate of the shear stresses as shown by a series
of tests.

Ultimate Strength

In designs calling for a high degree of struciural
stifiness, the buckling stress may be above the elastic
limit for the material. An empirical correlation be-
tween such plastic buckling stress and the stress-strain
curve of the material, which enabled the buckling stress
to be easily computed, was reported in the previous
annual report for the case of compression. The same
correlation was justified theoretically by the plastic-
buckling theory reported in the previous annual report.
Additional experimental confirmation of this correla-
tion has now been obtained for FS-1h magnesium-alloy
sheet formed into Z’s (Technical Note 1714) and for
long simply supported plates of 14S-T6 aluminum alloy
(Technical Note 1817). In Technical Note 1714-an
empiricdl formula was also developed for the ultimate
compressive strength of formed Z-sections and channel
sections of FFS-1h magnesium-alloy sheet and 24S-T
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and 17S-T aluminum-alloy sheet. Some data on ul-
timate strength were also reported in Technical Note
1817.

The investigation of plastic buckling presented in
Technical Note 1556 was extended to apply to the case
of simply supported Metalite-type sandwich plates in
compression (Technical Note 1822).

A series of torsional tests by Notre Dame University
on stiffened structural specimens having the cross sec-
tion of a D-tube were reported in the previous annual
report. The tests reported covered only specimens of
constant cross-sectional area. These tests have now
been extended by Notre Dame University to include
specimens of varying cross-sectional shapes.

The University of Alabama has investigated loads
and deflections in statically indeterminate structures
where one or more of the members are stressed above
the proportional limit of the material. Theoretical
analyses were found to agree very closely with test re-
sults of three coplanar, pin-ended structures.

At supersonic speeds, skin friction can cause large
increases in the temperature of the sirframe. The oc-
currence of this serodynamic heating has stimulated two
phases of structures research: First, the determination
of the basic properties of materials at the high tempera-
tures expected and, second, the development of methods
of structural analysis that include temperature effects.
Studies have proceeded on both these phases. In line
with the first phase, compressive stress-strain data have
been published for two aluminum alloys—24S-T8 and
75S-T6—for temperatures up to about 700° F. and for
various exposure times and rates of loading (Technical
Note 1837). In line with the second phase, tests were
made on the plate buckling strength of H-sections at
elevated temperatures (Technical Note 1806). It was
found that the compressive strength of plate elements at
elevated temperatures can be caleulated by the same
methods that apply at room temperature. It is only
necessary to know the stress-strain curve for the mate-
rial appropriate to the temperature under consideration.

Deformation

Multicell wings have been favored over conventional
semimonocoque wings in recent high-speed designs.
Work on the stress and strength analysis of such con-
struction is proceeding. A paper has been published
(Technical Note 1749) devoted to the determination of
relations between the cellular shear flows and the rates
of cell twist, and eases have been included in which the
rate of twist varies from cell to cell. The relations
apply to uniform beams consisting of identical cells.
Included in the paper are an analysis of the shear flow
associated with spanwise rate of change of antielastic

curvature and also a formula relating the torsional
stifiness to the number of cells.

The analysis of plate structures loaded beyond the
elastic range requires a knowledge of the polyaxial plas-
tic stress-strain relations of the material. A variety of
theories has been proposed for these plastic stress-strain
relations. Some preliminary experiments of & crucial
character have led to the conclusion that none of the
existing theories is entirely satisfactory and an attempt
has been made to devise one in better agreement with
experiment. As a result of this effort, a theory for
the plastic stress-strain relations has been devised which
constitutes a radical departure from the main currents
of thought on plasticity (Technical Note 1871). The
formulation of the theory was guided mainly by the
physical considerations with respect to the mechanism
of plastic deformation which is assumed to beslip. The
theory is in better agreement with the aforementioned
experiments than previously existing theories, but more
extensive experimental checks must be made before its
validity can be fully assessed.

In dynamic and aeroelastic wing analyses, relation-
ships between load and deflection are necessary. Load-
deflection relationships that give the deflections at a
number of discrete stations in terms of the loading in-
tensity can conveniently be expressed by any one of
several matrix methods. The use of these methods and
a comparison of their accuracy are discussed in Techni-
cal Note 1827. In addition, it is shown how the accu-
racy of these methods may be improved, and the cal-
culation time reduced, by the use of weighting matrices.

Structural Efficiency

The necessary condition that the wing surface of
modern high-speed aircraft remain smooth under high
Ioads has led to the consideration of the sandwich plate
as a substitute for sheet-stringer construction. Sand-
wich plates consist of two thin sheets of material sepa-
rated by a low-density, low-stiffness core which, though
contributing little to the strength of the plate, serves
to increase tremendously the flexural stiffness of the
load-carrying faces. The inerease in flexural stiffness
is somewhat offset, however, by deflections due to shear
which become appreciable because of the low stiffness
of the core.

One type of sandwich called Metalite employs a core
of balsa wood with the grain normal to the metal faces.

The compressive buckling of this type of sandwich has

been investigated theoretically and checked against
available test data for the case of flat rectangular plates
with simply supported loaded edges and clamped un-
loaded edges (Technical Note 1886) as well as for the
case of all edges simply supported (Technical Note
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1822). The case of shear buckling of long simply
supported plates has also been investigated theoretically
(Technical Note 1910).

The Polytechnic Institute of Brooklyn has also in-
vestigated the bending and buckling of rectangular
sandwich plates. Equations were developed for cal-
culating the deflections and buckling load of rectangular
sandwich panels under transverse loads and edgewise
compression. The equations were solved for the case
of a simply supported plate under compression and the
results have been presented in graphical form.

Vibration Characteristics

The natural vibration modes and frequencies of air-
planes often form the basic parameters in an analysis
of the response of an airplane to dynamically applied
forces. A theoretical solution for these vibration modes
and frequencies must of necessity be made by some
approximate method because of the complexity of the
airplane structure. One such approximate method is
presented in Technical Note 1747 for the general prob-
lem of coupled bending and torsional vibration of a
nonuniform wing mounted at an angle of sweep on a
fuselage. This method makes use of the energy
approach in conjunction with the natural bending and
twisting modes of an unswept uniform beam to derive
the characteristic equations describing symmetrical and
antisymmetrical modes of vibration of the wings and
fuselage. Numerical examples are also given and the
results show that a desired mode and frequency may be
calculated with good accuracy using low-order deter-
minants.

Aumong the factors ordinarily neglected in the bend-
ing-vibration analysis of wings are (a) the additional
flexibility of the wing due to shear deformation of the
spars and (b) the additional inertia loading due to the
angular accelerations of the wing elements. In order
to assess the importance of these two factors, they were
included in a theoretical analysis of the natural frequen-
cies of uniform beams, with various boundary condi-
tions, in bending (Technical Note 1909). Both the
shear deformation and the rotary inertia were found
to lower the natural frequencies. Charts were provided
to permit a quantitative evaluation of the lowering of
the frequencies.

Research Equipment

During the past year a unique combined-load testing
machine has been placed in operation at the Langley
Aeronautical Laboratory, This machine permits appli-
cation of forces and maments about three perpendicular
axessimultaneously. The machine is greatly facilitating
the study of structures under various combinations of
axial loads, shears, and moments.

SUBCOMMITTEE ON AIRCRAFT STRUCTURAL
MATERIALS

The majority of the investigations on aireraft struc-
tural materials have been carried out by contracts with
universities and other nonprofit seientific organizations.
These investigations have complemented the program
on materials for power plants.

Fatigue of Metals

A commonly recognized gap in information about the
fatigue behavior of aireraft materials is the lack of
comprehensive test data on one lot of any single material,
At the same time, there is a serious lack of strictly
comparable fatigue test data for competitive maferials.
Therefore plans were made to investigate rather fully
the fatigue behavior of each of three metals commonly
used in airframe construction: 24S-T and 75S-T alu-
minum alloys and 4130 steel. It was planned Lo obtain
data on a number of items including:

(1) Fatigue studies of unnotched sheet over the full
range from completely reversed stresses to stresses vary-
ing about a high mean tensile stress.

(2) Fatigue studies of notched specimens covering a
range of notches and, for each type of specimen, o range
of stress conditions.

(8) Fatigue damage studies.

In the 1948 annual report, it was poinied out that
Battelle Memorial Institute had completed investiga-
tions of most of item (1). During the past year Bal-
telle Memorial Institute has continued its investigations
primarily under item (2) along with someo extensions
of item (1) that appeared desirable.

For the studies under item (2) it was necessary lo
design some standardized fatigue specimens with stress-
concentration factors of known magnitude. Holes,
notches, and fillets have been widely used for this pur-
pose because they represent, to some extent at least, prac-
tical cases of stress concentration. It was found, how-
ever, that there was insufficient information available on
the stress concentrations produced by notches and fillets
to cover the range that was considered important. Pho-
toelastic investigations were therefore initiated in order
to provide the necessary information.

The Illinois Institute of Technology conducted these
photoelastic investigations and determined factors of
stress cancentration for both grooves and fillets in bars
under tension, ag well as distributions of prineipal
stresses along the section of symmetry through the
grooves.

The Langley Laboratory has studied the effect of plas-
ticity on stress concentration. In the vicinity of holes,
notches, and other discontinuities of structure, high-
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stress peaks are developed when a load is applied. If
the peak stress is beyond the elastic limit of the mate-
rial, there will be local plastic yielding; after release of
the load, residual stress will remain in the structure,
and the peak stress caused by successive applications of
the load will be decreased. This phenomenon was stud-
ied by tests on a series of large panels with round holes
(Technical Note 1705). The results are expected to be
useful in developing methods of fatigue analysis.

Sandwich Materials

The Forest Products Laboratory has continued inves-
tigations of sandwich materials. They have completed
an investigation of strength and elastic properties of
honeycomb-type core materials fabricated from resin-
impregnated rayon-mat fabrics. The honeycomb core
materials fabricated from resin-impregnated rayon-mat
fabric do not appear to be better over-gll core materials
for use in sand wich construction than resin-impregnated
paper honeycomb cores of equal density. However, for
sandwich applications requiring a high-tensile-strength
core, the rayon-mat honeycomb core material would be
more efficient than a paper core of equal weight.

The Forest Products Laboratory has conducted pre-
liminary tests on adhesives for bonding sandwich con-
structions of aluminum facings on paper honeycomh
cores. A total of 14 gluing processes was evaluated by
tension tests on specimens of 1-inch aluminum cubes
bonded to a resin-impregnated paper honeycomb core.

The Forest Products Laboratory has also completed
an analysis of the shear strength of honeycomb cores
for sandwich constructions. The analysis was under-
taken to arrive at a mathematical formula by which the
shear strengths of honeycomb core materials could be
calculated. It was assumed that each cell wall acted
independently, like a plate supported and loaded along
its edges, and that the shear strength of the honeycomb
would be determined by the failing stress of these plates.
A similar analysis had been made by the Forest Prod-
ucts Laboratory in the past on the compressive strength
of honeycomb cores.

Magnesium-Cerium Wrought Alloys

A program on the development of magnesium-cerium
wrought alloys at Battelle Memorial Institute under
NACA sponsorship showed that the wrought alloys
have substantially lower creep resistance than the cast
alloys of similar composition, and that the effect of heat
treatment was far greater than the effect of variations
of alloy compositions which were studied. This pro-
gram was previously reported in the 1947 annual report.

Inasmuch as previous investigation has indicated that
magnesium-cerium alloys in the wrought condition
possess an unusual combination of low density and rela-

tively high mechanical properties for elevated-temper-
ature service up to at least 600° F., the NACA has sup-
ported additional investigation of these alloys at Bat-
telle Memorial Institute during the past year. The
investigation has included both fundamental studies
and alloy development because it was felt that the
development of improved compositions would be facili-
tated if there were a better understanding of the factors
determining the creep resistance of the alloys.

SUBCOMMITTEE ON AIRCRAFT LOADS

Loads on Wings

The large variations in wing configurations which
have accompanied the increased speed of modern air-
planes and missiles have made it necessary to provide
more general methods for computing span loading than
those that were heretofore available. Before any of the
newly developed general methods can be used with con-
fidence, results obtained with them must be compared
with experimentally determined distributions. Two
studies conducted at the Ames Laboratory have per-
mitted such comparisons. In one of these studies the
pressure distribution over a highly swept wing was
determined for several angles of attack at supersonic
speed, and in another study the load distribution on a
similar wing in combination with a body was deter-
mined for a range of angle of attack through a range of
supersonic speed. These results showed that the theory
used predicts the Ioading due to angle of attack reason-
ably well, particularly at the higher Mach numbers
investigated.

In another investigation at the Ames Laboratory, the
load distribution was determined for a moderately swept
wing at speeds up to a Mach number of 0.9+. The re-
sults, when compared with the load distribution pre-
dicted by theory, were found to be in good agreement.

An exact knowledge of the maximum lift obtainable
from a wing and its variation with speed and with pitch-
ing velocity has become more important with the in-
creases in wing loading and in operations at high alti-
tude. Maximum lift is also a factor not only in the loads
which may be imposed on the airplane but also in the
turning radius of missiles and the maneuverability of
airplanes. A study of this problem was conducted at
the Langley Laboratory using an airplane model which
could be pitched at various velocities through an angle-
of-attack range from zero lift through maximum lift,
and measurements were made of the increase in maxi-
mum lift with pitching velocity. These results were
compared with similar results obtained in flight on the
actual airplane to establish the validity of this method.
The results have been reported in Technical Note 1734.
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A related study has been conducted at the Ames Lab-
oratory in which flights were made with a pursuit air-
plane to determine the effect of rate of change of angle
of attack on the maximum lift coefficient over a range of
Reynolds number and up to a Mach number of 0.50.
This study has indicated that the rate of increase of
maximum lift coefficient with increasing abruptness of
the stall is significantly aflected by Reynolds number as
well as Mach number. Experiments so far on this prob-
lem have been limited mainly to subsonic and low tran-
sonic speeds. Pending the availability of data at high
transonic and supersonic speeds, a method has been
derived by which the over-all forces on an airfoil operat-
ing in flow with detached shock waves may be calcu-
lated. This method employs a concept of a limiting
pressure based on available pressure-distribution data
and assumes a shaps of the shock front. While tha
method enables the maximum lift coefficient to be cal-
culated, it can also be used to calculate the lift-drag
curve in all conditions where the shock wave is detached.
Comparisons show that the method agrees well not only
with experimental data but also with the results ob-
tained with the linear theory for the case where the
shock wave is attached at the leading edge.

The increased speed of aireraft has also necessitated
thinner and more flexible wings so that it has been nec-
essary to include the effects of aercelasticity in design
calculations. Thus the problem of predicting span load-
ing has become more complex than it was a few years
ago. A number of studies has been carried out on this
problem and, as a result, a method has been developed
by which the span loading of flexible wings of arbitrary
plan form and stiffness may be determined. This work,
reported in Technical Note 1876, so systematizes the
problem that caleulations may be made in a routine
manner.

Wing flexibility has also affected the related problem
of the lateral control available with a given wing con-
struction. Wing divergence and aileron reversal, which
5 years ago were mainly problems of academic interest,
have now assumed major proportions. Since span load-
ing and lateral control are linked together, the methode
developed for predicting span loading have been ex-
tended to permit calculations of the effects of structural
flexibility on lateral control of wings of arbitrary plan
form and stiffness. This work has also been system-
atized so that calculations are routine.

Theoretical studies of the span load distribution on
swept and low-aspect-ratio wings have been extended to
permit prediction of the effects of wing twist. This
work has been reported in Technical Note 1772 in which
the theoretical development is given, together with all
factors required for its rapid application. The method
has been applied to the study of the effects of wing twist

and the aerodynamic characteristics of some typical

. swept wings.

Studies have been conducted along both experimental
and theoretical lines to provide information relating to
maneuver loads on aircraft. In one investigation, re-
ported in Technical Note 1729, the wing and tail loads
of a fighter-type airplane were determined from electric
strain-gage measurements. These tests extended to a
Mach number of 0.8. The results in general support
the conclusions found in previous pressure-distribution
studies.

Loads on Tails

Research on maneuvering tail loads has been con-
tinued. Intheinvestigation reported in Technical Note
1729 the tail loads on a fighter-type airplane were
determined in flight from electric strain-gage measure-
ments at speeds up to a Mach number of 0.8. The
results of this study verify the fact that with an accu-
rate knowledge of the tail-load parameters, such as
may be obtained from carefully conducted wind-tunnel
tests, an accurate calculation of the tail loads in maneu-
vers can be made. The parameters required are the
pitching-moment coefficient; the location of the aerody-
namic center, and the pitching acceleration.

As an approach to the problem of predicting tail loads
at supersonic speeds, a study has been conducted by the
Lewis Laboratory in which a theoretical method for
obtaining the aerodynamic forces acting on a thin wing
has been applied to determine the lift and moments
acting on & rectangular tail surface due to linear and
spanwise parabolic upwash distributions. This study
has been reported in Technical Note 1786.

Loads on Control Surfaces

The investigation in the Langley 19-foot pressure
tunnel of the loads on leading-edge flaps on swept wings
has been continued. Pressure-distribution measure-
ments over a half-span leading-edge flap on two wings
having NACA 64,-112 airfoil sections have been made.
Both wings were equipped with a half-span split flap
and the 42° sweptback wing was investigated in con-
junction with a circular fuselage.

As a part of the Committee’s continuing program of
research on the determination of the aerodynamie char-
acteristics of various airfoil sections, an investigation
of the pressure distribution over an NACA 66,1-115
airfoil section with a 20-percent-chord flap has been
made through a Mach number range to 0.75 in the
Langley 8-foot high-speed tunnel. Two flaps, one
having the true airfoil contour and one having a 30°
trailing-edge angle, were investigated. The results of
this investigation, reported in Technical Note 1596, pro-
vide additional information on the effects of variation
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of the trailing-edge angle on the effectiveness of flaps
or ailerons at high speeds.

Loads on Bodies and Wing-Body Arrangements

One loading problem which has become of major im-
portance is the determination of the division of load
between the airplane wing, tail, and body. To assist
the designer in more accurately dividing the loads, an
analysis has been made of all the available data on the
effects of wing-fuselage-tail and wing-nacelle interfer-
ence on the distribution of the air load among the com-
ponents of the airplane.

A theoretical approach has also been made to the load-
distribution problem for the case wherein the wing is
relatively small in relation to the size of the body.
This configuration is typical of missiles. Using the
assumptions that the body is slender and the wing is of
low aspect ratio, theoretical relations have been devel-
oped for the prediction of the effects of mutual interfer-
ence between 2 body and either a simple or 2 cruciform
wing. The theory and results of some calculations are
presented in Technical Notes 1662 and 1897.

Pressure coefficients at local Mach numbers reaching
supersonic speeds have been determined for the flow over
a prolate spheroid and 2 wing having an NACA 65-010
section in the Langley S-foot, high-speed tunnel. The
values of pressure coefficient and Mach number over the
spheroid were compared with theory and a study was
made of the development of a supersonic flow pattern.

Pressure distributions have also been obtained on the
wings and fuselage of a scale model of a research-type
airplane through a speed range to high subsonic Mach
numbers. These data are of direct use in providing basie
structural loading information.

The effects of a nacelle on the aerodynamic character-
istics of a swept wing and the effects of sweep on this
wing have been investigated in the Langley 16-foot,
high-speed tunnel up to Mach numbers of 0.61 for the
wing-nacelle combination and 0.70 for the wing alone.
Extensive pressure measurements, published in Tech-
nical Note 1709, were made in the course of the investi-
gation to provide a basis for detailed study of the
interference effects.

As part of a general study to find the source of wing
failures following installation of a wing-tip {ank on «
service airplane, an investigation was made in the 40-
by 80-foot wind-tunnel section at the Ames Laboratory
to determine the effect of wing-tip tanks on the distribu-
tion of wing load and on the distribution of wing
bending and twisting. Complete pressure distributions
were obtained over the wing and wing-tip-tank com-
bination of the airplane.

Gust Loads
A series of calculations of the transient response

induced by gusts in airplane wings has beer made and
analyzed. These calculations were made for the purpose
of comparing the response of present-day large trans-
port airplanes with that of an older transport airplane,
which has proved itself to be satisfactory from the
standpoint of gust experience. On the basis of the
method of calculation used and the conditions selected
for analysis, it is indicated that the newer airplanes
show appreciably greater dynamic response in gusts
than did the older reference airplane and that increas-
ing the forward speed or the operating altitude results
in an increase of the dynamic response for the gust with
a gradient distance of 10 chords. The results were also
used in studying the advisability of including a tran-
sient-stress requirement for gust loads in the civil air
regulations of the International Civil Aviation
Organization.

One of the problems associated with the design of
airplanes having wings with large angles of sweep is
the prediction of gust-load factors. Previous research
on this problem had been confined to an airplane model
with a 45° swepfback wing. During the past year, in-
vestigations in the Langley gust tunnel of the effect of
wing sweep on the gust-load factor have been extended
toinclude a 45° sweptforward wing and a 80° sweptback
wing. The results, presented in Technical Notes 1717
and 1794, support the previous findings that the maxi-
mum acceleration increment of an airplane with a swept
wing will be generally less than that for an airplane
with an unswept wing under the same set of flight
conditions.

A cooperative flight investigation was undertaken by
the NACA and the All Weather Flying Division of the
U. 8. Air Force at Clinton County Air Force Base,
Wilmington, Ohio, for the purpose of determining the
effects of compressibility on gust loads. This is be-
lieved to be the first attempt to obtain aerodynamic
information by the statistical comparison of airplane
reactions. Test data over a Mach number range of
0.25 to 0.68 were obtained from flights of two similar
jet-propelled airplanes in rough air. The date and
analysis presented in Technical Note 1987 indicate no
compressibility effects on the over-all gust reactions of
the airplane tested within the limits of the data
obtained.

Technical Note 1753 presents the results of an investi-
gation made in the Langley gust tunnel to determine
the effectiveness of a fixed spoiler in reducing gust-load

factors. The results indicate that the model undergoes

approximately the same maximum acceleration in a
sharp-edge gust with or without the spoilers. In a gust
having a finite gradient, however, a reduction of 30
percent in the maximum acceleration increment was
realized through the use of the fixed spoilers.
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SUBCOMMITTEE ON VIBRATION AND FLUTTER

Flutter of Wings and Control Surfaces

A comprehensive experimental and theoretical study
of the effects of wing sweepback on the flutter charac-
teristics of cantilever wings throughout the subsonic
speed range has been made. The wings used in the
experiments included a large range of sweepback angle
and aspect ratio. Comparison of the theoretical results
with the experiments indicates that the theory will satis-
factorily prediet the effects of sweep on the flutter char-
acteristics of uniform cantllever ngs of moderate
aspect ratio.

Investigations of the flutter of wings of various shapes
and thickness ratios at transonic and supersonic speeds
have also been made utilizing testing techniques of wind
tunnels, freely falling bodies, and low-acceleration,
rocket-propelled vehicles. The results of these investi-
gations have been used to evaluate the applicability of
existing theoretical methods for calculating flutter char-
acteristics at supersonic speeds.

An investigation of the flutter characteristics at su-
persomc speeds of models of the wing panels of a tran-
sonic research airplane has been made by the Langley
pilotless aircraft research division using rocket-
propelled models. The models used in this investiga-
tion aerodynamically and structurally simulated the
full-scale wing panels. The structural parameters were
varied over a small range so as to yield design flutter
speeds greater than, equal to, and less than the design
flutter speed of the full-scale wing panel.

The effect of aspect ratio on the undamped torsional
oscillations of a finite rectangular wing in a supersonic
stream has been reported in Technical Note 1895. The
velocity potential and aerodynamic-torsional-moment
coeflicients based on the linearized equations of motion
for small disturbances are derived for a rectangular
wing by means of appropriate distributions of moving
sources and doublets. The coeflicients thus derived are
combined with a mechanical-damping coefficient to
study the effect of aspect ratio. The results show that
decreasing the aspect ratio of the wing has a highly
stabilizing effect on the undamped torsional oscillatious.

A theoretical approach to the prediction of flows
around and forces on an oscillating airfoil of finite span
has been undertaken by the Massachusetts Institute of
Technology under the sponsorship of the NACA. The
aim of this study is the development of a theory which
incorporates simultaneously the effects of three-dimen-
gionality of the flow and compressibility of the fluid.
An exact solution of this problem presents great diffi-
culties and the work therefore is directed toward an
approximate theory which is valid provided the aspect

ratio of the lifting surface is not too small. Earlier
work has included the problem of two-dimensional in-
compressible flow as a special case. The present work
generalizes these results so as to take account of com-
pressibility in the supersonic range and describes a
method of solution for the three-dimensional problem.

Aileron flutter or “buzz” at transonic speeds has con-
tinued to be a serious problem, and considerable research
effort has been devoted by the NACA to its solution.
One investigation, utilizing both rocket-propelled and
wind-tunnel models, has been made to determine the
effects of mechanical damping in the control system on
the flutter characteristics of dynamically similar scale
models of the ailerons of a research-type airplane. The
results of this investigation show that the vccurrence
of-aileron “buzz” is critically dependent upon the
amount of damping in the aileron control system and
also tend to point up the critical nature of aervelastic
instability of wing-aileron combinations at high speeds.

An investigation of the effects of altitude on the flut-
ter characteristics of an aileron at high speed has been
made in the Langley 4.5-foot flutter research tunnel.
The eflects of altitude were simulated by variation of
the tunnel pressure from 1 to 145 atinosphere which cor-
responds to an altitude variation of from sea level to
approximately 38,000 feet.

An investigation has been made to determine the fea-
sibility of studying aileron “buzz” by the wing-flow
method, using two semispan models differing in airfoil
section. The half-span, quarter-chord, mass-balanced
ailerons used on both models were unrestrained except
for bearing friction. Aileron “buzz” was obtained for
both models for & small range of Mach number near 0.90,

Flutter of Wings with Concentrated Weights

The flutter characteristics of a wing are greatly
affected by the mass and location of concentrated weight
such as fuel tanks, engines, and bombs. An experimental
program on the effect of heavy concentrated weights on
the flutter speed and frequency of a straight cantilever
wing was previously reported in Technical Note 1594.
These same wing-weight combinations have been ana-
lyzed by a method involving the direct solution of the
differential equations of motion by operational methods
in Technical Note 1848. The theoretical two-dimen-
sional oscillating air forces were used in the analysis.
The theory accurately predicted the true flutter speed
even when that speed was critically dependent upon
weight position and upon changes in flutier mode.
This agreement indicates that the theoretical air forces
were adequate for these experimental conditions and
that the structural representation of the problem was
accurate. Since this differential-equation method is
difficult to apply to an actual wing having taper and
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many concentrated weights, a more practical method
using these same experiments and the same theoretical
oscillating air forces wasevolved. This work isreported
in Technical Note 1902. The method involves the selec-
tion of a few chosen uncoupled modes of static vibration
as generalized coordinates for the flutter analysis. Since
the differential-equation method of Technical Note 1843
gave good agreement with experiment, inaccuracies of
the simplified method are attributable to the approxima-
tions in the structural representation. It was found
that, for the cases with the weight located forward on
the chord, results obtained with the mode analysis were
above the experimental value (that is, on the dangerous
or unconservative side) ; whereas, for cases with a rear-
ward location of the weight, the theory predicted too
low a flutter speed. This work indicates that great care
must be used to select a sufficient number of modes when
analyzing cases with large mass coupling and with
forward weight positions.

The mutual effect of large streamlined bodies, such
as external fuel tanks, on the oscillating air forces of
wings and bodies is not known. In order to gain some
insight into the magnitude and effect of these air forces
on the flutter characteristics of a wing, the Langley
4.5-foot flutter research tunnel was used in an investiga-
tion in which the mass and moment of inertia of a con-
centrated weight were held constant while the shape of
the weight was varied. Two general contours of the
weight were employed: One a streamlined body and
the other a nonstreamlined body. The results of this
investigation show only minor changes in flutter speed
and flutter frequency with a change in the aerodynamie
shape of the body.

The experimental investigation of the effects of con-
centrated weight on the flutter characteristics of un-
swept wings previously reported upon has been extended
to the case of sweptback wings. Each wing carried a
single weight, at a series of spanwise positions on the
leading edge and midehord. The investigation covered
sweepback angles of 0°,45°, and 60°. The data obtained

from this investigation should be of considerable aid to
the airplane designer in choosing the optimum location,
from futter considerations, of such units as engines and
external fuel tanks.

Fuselage Vibration Due to Propeller

Several instances of structural failures of the fuselags

in the vicinity of the propeller plane of rotation on
multiengine airplanes have been reported. It was rea-
soned that these failures were the result of fatigue of
the fuselage material resulting from propeller-excited
fluctuation in air pressures on the fuselage side. A
theoretical and experimental investigation has been
made of the characteristics of the pressure field in the
vicinity of the tip of a rotating propeller. The resulis
of this investigation as reported in Technical Note 1870
show that the shape of the propeller blade was not sig-
nificant in exciting fuselage vibration, but that the
number of blades, the power, the tip Mach number, and
the ratio of tip clearance to propeller diameter were
significant. It was found that, for a given power,
increasing the tip clearance and incressing the num-
ber of blades were of greatest importance in reducing
fuselage vibration.

Towed Bodies

Previous analyses of the stability of towed bodies
stabilized by fins have generally assumed that the tow-
ing cable remained steady. These theories failed to
predict the violent motion of these bodies and the oscil-
lations of the cable which have been observed above a
certain airspeed. A theoretical investigation was there-
fore made of the stability of oscillations of the cable
and the results are presented in Technical Note 1796.
This theory concludes that the violent oscillations may
be attributed to cable oscillations which originate near
the airplane and are amplified by aerodynamic forces
as they travel down the cable. Means are discussed for
increasing the speed at which these oscillations become
violent.

ATRCRAFT OPERATING PROBLEMS RESEARCH

The research in the field of aircraft operating prob-
lems conducted by the NACA is concerned with those
problems that impair aireraft performance or are re-
lated to the inherent safety of the aircraft itself. The
major efforts of the NACA in this segment of its re-
search activities are on the investigation of turbulence,
icing, and fire prevention. The research on atmos-
pheric turbulence is centered at the Langley Aeronauti-

cal Laboratory. The research on icing and fire pre-

vention is centered at the Lewis Flight Propulsion
Laboratory. A limited part of the icing research pro-
gram is under investigation at the Ames Aeronautical
Laboratory. Contracts for research in these fields have
also been placed with several universities. This work is
guided by the Committee on Operating Problems and
its subcommittees, the Subcommittee on Meteorological
Problems, the Subcommittee on Icing Problems, and the
Subcommittee on Aireraft Fire Prevention.
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COMMITTEE ON OPERATING PROBLEMS

Effect of Flight Speeds on Aircraft Operation

The analysis of the data obtained in the V-G program
is being continued to obtain information on the imposed
flight loads, operating speeds, and route roughness. The
results of the records obtained from V-G recorders dur-
ing the prewar period on three different commercial-
transport-airplane types are presented in Technical
Notes 1733, 1754, and 1783. An analysis of the first
postwar sample of V-G data obtained from commercial-
transport operations indicates that, on the average, the
positive and negative gust-load-factor increments may
each be exceeded once in about 5.8X10° flight miles
and the never-exceed speed may be exceeded once in
about 5.0X 10 flight miles which is in agreement with
past experience. These results indicated a trend toward
higher imposed flight loads and apparent increased gust
experience for postwar transport airplanes.

Pilot Escape

The problem of escape from airplanes has become
very acute with the increases in speed recently achieved.
A detailed study with free-flight models has heen made
of pilot escape by use of nose sections that can be
jettisoned,

Noise

In the course of the investigation of airplane noise, a
large group of mufflers of-varied design were evaluated
and reported in Technical Notes 1688 and 1838. The
results indicate that the types of available commercial
mufilers investigated were relatively ineffective and that
very little information is readily available for effective
muffler design. Theoretical and experimental investi-
gations are being continued to determine the basic fun-
damentals of aircraft-muffler design.
Ditching

In cooperation with the Civil Aeronautics Adminis-
tration, ditching investigations of all of the four-
engined transport-type aircraft used in scheduled com-
mercial operations have been made. These investiga-
tions were conducted on the monorail in Langley tank
No. 2 using dynamically similar models. In addition,
the models of the various aircraft had scale-strength
bottoms and flaps in order that the effect of damage oc-
curring during a ditching would be simulated. The
ditching behavior of the transports investigated was
generally similar and was better than the ditching be-
havior of bombers because there is less damage and the
decelerations are lower.

One airplane ditching that occurred during the year
verified the fact that transport-type aircraft of the types
investigated can safely be ditched.

SUBCOMMITTEE ON AIRCRAFT FIRE
PREVENTION

The Subcommittee on Aircraft Fire Prevention has
completed the formulation of an experimental program
that was started during the past year. The initial
phases of the research program are currently under way.

Review of Fire Records and Survey of Fire Research

As an aid in establishing the aireraft-fire-prevention
research program, an extensive bibliography of existing
literature has been collected and an analysis has been
made of the records of aircraft crashes accompanied by
fire. Although the primary purpose for reviewing the
aircraft fire records is to establish the fire research
prograni, it has become apparent that careful consid-
eration has to be given to a method whereby data are
collected from crashes oceurring in normal aireraflt
operation.

Rate and Spread of Aircraft Fires

In order to gain an insight into the rate and spread
of an aircraft-fire following a crash, two experimental
programs have been initiated. In the first program,
the propagation of the flame along an air stream over
a flat surface, in a duet, and over the external surface
of a streamlined body is being investigated for com-
bustibles common to current transport aireraft. Ob-
structions in the air stream and roughness on the sur-
faces are being used to simulate the flow of air in and
around typical airplane components. Variationsin the
combustible and form of-the combustible at sea-level
temperature and pressure are also being studied.

The second program includes the use of war-surplus
transport-type aircraft in simulated take-off or Janding
incidents that usually result in fire. The airplanes are
being extensively instrumented so that data will be
obtained on the time history of the events following im-
pact, including the recording of-ignition and spread of
fire.

Inflammability of Aircraft Materials

In addition, work has been continued to estublish
practical concepts of ignition sources and inflammabil-
ity to determine the state of development of less in-
flammable lubricants and hydraulic fluids in order to
establish guides for undertaking research leading to the
discovery of new compounds or additives, and to study
the physics and chemistry of aircraft fire extinguishing.

SUBCOMMITTEE ON METEOROLOGICAL
PROBLEMS

Because the operation of airplanes in regions of
severe atmospheric turbulence reduces the effective use-
ful life of the airplane, emphasis has been given to the
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forecasting and the detection of regions of atmospherie
turbulence.

Past work has indicated that the horizontal tempera-
ture variations and height of convective activity give a
measure of the maximum effective gust velocities in
clouds in the temperate region. In order to check this
indicated relation for other conditions, an analysis is
presented in Technical Note 1917 of the relations be-
tween the horizontal temperature variations and the
maximum observed effective gust velocities for the data
obtained during operations of the United States
Weather Bureau thunderstorm project in Florida and
Ohio. The results indicate that the relation, when ex-
tended to include frontal conditions, appears useful for
forecasting the intensity of turbulence for thunder-
storms in temperate regions. The relation does not
appear useful, however, for forecasting the intensity of
turbulence in subtropical regions.

In order to evaluate radar as a means of detecting tur-
bulence, acceleration measurements and air-borne radar
observations were taken during a transcontinental flight
of an American Airlines airplane. Although sufficient
data were not obtained to give adequate results for ap-
plication to airline operations, the analysis indicated
that some reduction in the turbulence experienced, and
a consequent reduction in the risk of encountering the
larger gust velocities, may be obtained by avoiding por-
tions of clouds giving a radar echo.

SUBCOMMITTEE ON ICING PROBLEMS

The hazard of ice formation on airplanes involved in
all-weather operations has received continued study.
Work on the research program was conducted for the
most part at the Lewis Flight Propulsion Laboratory.
Previous work at the Ames Aeronautical Laboratory
and contract research by the University of California
at Los Angeles were analyzed and reported during the
fiscal year.

Meteorological Characteristics of the Icing Cloud
The study of the important characteristics of icing
clouds was continued by means of specially instru-
mented airplanes flown through icing conditions. Data
obtained with the same airplanes in successive years
show (Technical Note 1793) unexplainable annual vari-
ations in mean values of icing conditions. Analysis of
data taken over most of the northern United States
(Technical Note 1904) gave information on the regional
variations of important parameters. Recommended
values of meteorological factors to be considered in the
design of aircraft ice-prevention equipment were es-
tablished and presented in Technical Note 1855. This
report extends the previous estimates of probable maxi-
mum and normal icing conditions to cover as completely

as is presently possible all conditions likely o be en-
countered.

Investigation of Methods of Ice Protection

Wings and empennages. Two important factors
influencing the design of ice-prevention equipment are
the amount of water striking the wings and the area
on which it impinges. In order to provide information
on these factors, a theoretical investigation was under-
taken to study the paths the water droplets describe
in approaching an airfoil section. Using a differential
analyzer, these paths were calculated for a number of
airfoil shapes by the University of California at Los
Angeles for the NACA. As a result of an analysis of
the data supplied by UCLA, a semiempirical method
was developed for ecomputing the region covered by the
droplets and the amount of water striking an airfoil
section of any arbitrary shape.

Propellers. 1In order to provide further informa-
tion on the effects of ice accretions on propeller per-
formance, flight tests were conducted in natural icing
conditions and measurements were made of the per-
formance changes resulting from 2 number of forma-
tions. A study of these data, together with similar
data previously obtained, indicated that, with no ice
protection, performance losses normally would be low
and that large performance losses would be rare.

Jet engines.
gation include inertia separation of freezing water from
the air before it reaches the engine, heating the incoming
water-air mixture above {reezing by taking hot gas
from the combustion chambers and injecting it into the
air at the duct entrance, and heating the ecritical sur-
faces of the duct and engine to prevent freezing of im-
pinging water.

Continued studies of the mixing and the depth of
penetration of high-velocity jets of hot gas injected at
right angles to an air stream have provided data for
selecting the size and the arrangement of orifices for
a hot-gas bleedback ice-protection system. Adopting
these practices, small percentages of gas at combustion-
chamber discharge conditions have successfully pre-
vented icing in simulated icing tests of a full-scale axial-
flow turbojet engine. In further investigations in the
Lewis icing research tunnel, using two-thirds-scale
models of three different types of inlet, the required
percentage of bleedback was determined for a wide
range of icing conditions and the uniformity of mixing
with proper orifice arrangements was demonstrated.

The hot-gas bleedback method proved to be a quick

and effective way of providing complete ice protection
on suitably designed installations in which compressor
air is not required for cabin pressurization.

Ice-protection methods under investi-
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Analysis shows that heating all the critical surfaces on
which freezing water will impinge will provide ice pro-
tection with negligible thrust loss because the optimum
shape of inlet can be used and the engine air is heated
only a negligible amount. With this method, the duct
entrance and walls would be heated by internal bot-gas
ducts, whereas the engine struts, the inlet guide vanes,
and the accessory fairing would be heated by internal
electrical-resistance elements or by leading hot air
through hollow passages in these parts. Preliminary
analyses and laboratory tests have been completed on a
method of heating compressor guide vanes and first-
stage rotor blades by means of electrical eddy currents
induced in these parts by alternating electromagnetic
excitation induced by the rotor, which is modified to act
as a multiple generator.

Light-airplane induction systems. A laboratory in-
vestigation demonstrated that safe operation of the
induection systems of light airplanes can be accomplished
with cold ram air by using currently available equipment
provided subcooled water and snow are excluded by an
inertia-separation inlet with a filter and the carburetor
throttle valve is heated to above freezing whenever low
power settings are used at air temperatures below 4Q°

F. Pressure-injection carburetors, similar to those
used on transport airplanes, gave reliable metering
under icing conditions when erratic performance of a
natural-aspirating carburetor would have caused engine
power failure. Simple engine-oil-heated jackets around
the intake distribution manifolds successfully preventied
ice formations that reduced engine air flow in unheated
systems (Technical Note 1790).

Nonplugging fuel-tank vents. An investigation
made of the icing characteristics of a recessed under-
wing fuel-tank vent led to a special adaptation for
this purpose of the NACA flush inlet with divergent
ramp side walls. This type-vent was subjected to severe
icing conditions when mounted at approximately 70
percent of-the chord on 2 wing undersurface at high
angles of attack and showed positive vent-tube pressures
without plugging for 60 minutes of icing (Technical
Note 1789). This development represents a practical
solution to the problem of safety venting bladder-type
fuel cells to prevent collapse due to negalive pressure
or the stoppage of fuel flow when ice forms at the vent.
The new vent principle should find other aireraft appli-
cations, such as oil-tank vents,
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and W. B. Schramm.

Pressure-Sensitive System for Gas-Temperature Control
By Richard S. Cesaro and Norman Matz.

Enocking Combustion Observed In a Spark-Ignition Engine
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A TUnified Theory of Plastic Buckling of Columns and
Plates. By Elbridge Z. Stowell

A General Small-Deflection Theory for Flat Sandwich
Plates. By Charles Libove and S. B. Batdorf.

The Use of Source-Sink and Doublet Distributions Ex-
tended to the Solution of Boundary-Value Problems in
Supersoniec Flow. By Max. A. Heaslet and Harvard
Lomsax,

Analysis of Effect of Basie Design Variables on Subsonic
Axiagl-Flow-Compressor Performance. By John T.
Sinnette, Jr.

. Subsonic Flow over Thin Oblique Airfeils. By Robert

T. Jones.

. Theoretical and Experimental Data for a Number of NACA.

gA-Series Airfoil Sections. By Laurence K. Loftin, Jr.
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Ing Agents. By Henry C. Barnett.

Full-Scale Investigation of the Aerodynamic Character-
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Flight. By Richard C. Dingeldein and Raymond F.
Schaefer.

. Determination of Stresses in Gas-Turbine Disks Subjected

to Plastic Flow and Creep. By M. B. Millenson and 8. S.
}Manson.

Equations for the Design of Two-Dimensional Supersonic
Nozzles. By I. Irving Pinkel.
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008. Stability Derivatives of Triangular Wings at Supersonic
Speeds. By Herbert 8. Riboer and Frank 8. Malvestuto,
Jr.
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Fiat Plate. By G. B. Schubauer and H. K. Skramstad.
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don Wing Sections. By John H. Quinn, Jr.

911. Lifting-Surface-Theory Aspect-Ratio Corrections to the
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vators on Horizontal Tail Surfaces. By Robert S.
Swanson and Stewart M., Crandall.

912. The Interdependence of Various Types of Autoignition and
Enock. By H. Lowell Olsen and Cearey D. Miller,

913. Experiments on Stability of Bunsen-Burner Flames for
Turbulent Flow. By Lowell M. Bollinger and David
T. Williams.

914. Effect of Centrifugal Force on the Elastic Curve of a
Vibrating Cantilever Beam. By Scott H. Simpkinson,
Laural J. Eatherton, and Morton B. Millenson.

915. Extension of Useful Operating Range of Axial-Flow Com-
pressors by Use of Adjustable Stator Blades. By John
T, Sinnette, Jr., and Willlam J. Voss.

916. Correlation of the Drag Characteristics of a Typical Pur-
suit Afrplane Obtained from High-Speed Yvind-Tunnel
and Flight Tests. By James M. Nissen, Burnpett L.
Gadeberg, and William T. Hamilton.

917. The Effects of Aerodynamic Heating and Heat Transfer
on the Surface Temperature of a Body of Revolution
in Steady Supersonic Flight. By Richard Scherrer.

918. Theoretical Motions of Hydrofoil Systems. By Frederick
H. Imlay.

919. Accuracy of Airspeed Measurements and Flight Culibra-
tHlon Procedures. By Wilber B. Huston.
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TECHNICAL NOTES*

1143. (Supplement) Charts for Determining the Characteristics
of Sharp-Nose Airfoils in Two-Dimensional Flow at
Supersonic Speeds. By H. Reese Ivey, George W. Stickle,
and Alberta Schuettler.

1430. A Theoretical Study of the Dynamic Properties of Hell-
copter-Blade Systems. By H. Reissner and I, Mor-
duchow.

14-46. Theory of the Inlet and Exhaust Processes of Infernal-
Combustion Engines. By Tsung-chi Tsu.

1438. An Investigation of Alreraft Heaters. XXIX—Compari-

son of Several Methods of Calculating Heat Losses from

Airfoils. By L. M. K. Boelter, L. M. Grossman, R. C.
Martinellf, and E. H. AMorrin.

1454. An Ipvestigation of Aircraft Heaters. XXX-—Nocturnal
Irradiation as a Funetion of Altitude and Its Use in
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Anderson.

1457. Overbalancing in Residusl-Liquidation Computations.
By Alfred S. Nliles.

1 The missing numbers in the serles of technical notes were released

before or after the period covered by this report.
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in the Langley 8-Foot High-Speed Tunnel. By Arvo A.
Luoma.
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By K. R. Czarnecki and Don D. Davis, Jr. ’

Chordwlse Pressure Distributions on a 12-Foot-Span Wing
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Lo.

Spray Characteristics of Four Flying-Boat IIulls ag Af-
fected by Length-Beam Ratlo. By William W, Hodges
and David R. Woodward.

A Simplified Method for the Determination and Analysts
of the Neutral-Lateral-Oscillatory-Stability Boundary.
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ous Values of Width-to-Thickness Ratio for the Webs of
the Stiffeners. By Norris F. Dow and Willlam A,
Hickman.



REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 51

No.

1738. Wind-Tunnel Investigation at Low Speed of the Lateral
Control Characteristics of Allerons having Three Spans
and Three Trailing-Edge Angles on a Semispan Wing
Model. By Leslie E. Schneiter and Rodger L. Naeseth.

1739. Comparison with Experiment of Several Methods of Pre-
dicting the Lift of Wings in Subsonic Compressible Flow.
By Harry H. Murray.

1740. An Approximate Determination of the Liftf of Siender
Cylindrical Bodies and Wing-Body Combinations at
Yery High Supersonic Speeds. By H. Reese Ivey and
Robert R. Morrissette.

1741. Exploratory Wind-Tunnel Investigation of the Bffective-
ness of Area Suction in Eliminating Leading-Edge Sep-
aration over an NACA 64,A212 Ajrfoil. By Robert J.
Nuber and James R. Needham, Jr.
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ment in Turbine-Propeller Engines. By Marcus F. Heid-
manne and David Novik,

1763. Flight Investigation of a Combined Geared Unbalancing-
Teb and Servotab Control System as Used with an All-
Movable Horizontal Tail. By Robert G. Mungall.
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1771. The Development of Cambered Airfoil Sections Having
Favorable Lift Characteristics at Supercritical Mach
Numbers. By Donald J. Graham.

1772. Theoretical Basic Span Loading Characteristics of Wings
with Arbitrary Sweep, Aspect Ratio and Taper Ratlo.
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Temperatures. By George J. Helmerl and Willlam M,
Roberts.
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on the Fracturing Characteristics of 248-T Aluminum
Alloy. By A. W. Dana, B. L. Aul, and G. Sachs.

1831, Tension Properties of Aluminum Alloys In the Presence
of Stress-Ralsers. II—Compariscn of Notch Strength
Properties of 248-T, 758-T, and 24S-TS6 Aluminum
Alloys. By E. L. Aul, A. W. Dana, and G. Sachs.

1532, Small Bending and Stretching of Sandwich-Type Shells.
By Eric Reissner.

1833. Notes on the Foundations of the Theory of Small Displace-
ments of QOrthotropic Shells. By F. B. Hildebrand, E.
Reissner, and @. B. Thomas.

1884. The Influence of Blade-Width Distribution on Propeller

Characteristics. By Elllott G. Reid.

Investigation at Low Speeds of the Effect of Aspect Ratio
and Sweep on Rolling Stability Derivatives of Untapered
Wings. By Alex Goodman and Lewis B. Fisher.

1836. Inltial Investigation of CarbideType Ceramal of S0-

Percent Titanium Carbide Plus 20-Percent Cobalt for
Use as Gas-Turbine-Blade Material. By Charles A.
Hoffman, G. Mervin Ault, and James J. Gangler.

1837. Elevated-Temperature Compressive Stress-Strain Data
for 248-T8 Aluminum-Alloy Sheet and Comparisons with
Extruded 758-T6 Aluminum Alloy. By Willam AL
Roberts and George J. Heimerl

1838. Dynamometer-Stand Investigation of & Group of Muffers.
By Don D. Darlis, Jr., and K. R. Czarnecki.

1839. Some Theoretical Low-Speed Span Loading Characteristics
of Swept Wings in Roll and Sideslip. By John D. Bird.

1840. Analysis of Properties of Foam. By J.W.McBain, Sydney
Ross, and A. P. Brady.

1841. Quantitative Study of Variations in Concentration of
Glycerol and Aerosol OT on Foaming Volume of Ofl at
Room Temperature. By J. W. McBaln and Sydney
Ross.

1842, Control of Foaming by Adding Known Mixtures of Fure
(hemicals. By J.W.AlcBaln, Sydney Rosg, A. P. Brady,
and R. B. Dean.
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1843. Effect of Various Compounds in Use with Alrplane En-
gines upon Foamlng of Aircraft Lubricating Oll. By
J. ¥. McBaln and W. W. Woods.

1844, Surface Properties of Oile., By J.W. McBain and James V.
Robinson.

1845. Attempts to Defoam Egxisting Qils by Processing. By
J. W. MecBain, J. V. Robinson, W. W. Woods, and L 3.
Abrams.

1848. Aeration of Alrcrafi Lubricating Oils over a Range of
Temperature. By W. W. Woods and J. V. Roblnson.

1847. Review of Emulsified Antifoams for Alreraft Lubriecating
Olls. By W. V. Woods and J. V. Robinson.

1848, Flutter of a Uniform Wing with an Arbitrarily Placed
Mass According to a Differential-Equation Analysis
and a Comparison with Experiment. By Harry L.
Runyan and Charles E. Watkins.

1849. Use of Characteristic Surfaces for Unsymmetrical Super-
sonic Flow Problems. By W. E. Moeckel.

1850. The Yawing Moment Due to Sideslip of Triangular, Trape-
zoldal, and Related Plan Forms in Supersoniec Flow.
By Arthur L. Jones and Alberta Alksne.

1831. Critical Shear Stress of Infinitely Long, Simply Supported
Plate with Transverse Stiffeners. By Manuel Stein and
Robert Y. Fralich.

1832. Reinforced Circular Cut-outs In Plapne Sheets. By H.
Reissner and M. Morduchow.

1853. Effect of Increase in Afterbody Length on the Hydrody-
namic Qualities of a Flying-Boat Hull of High Length-
Beam Ratio. By Walter J. Kapryan and Eugene P.
Clement

1854. Approximate Corrections for the Effects of Compressibility
on the Subsonic Stability Derivatives of Swept Wings.
By Lewis R. Fisher.

1855. Recommended Values of Meteorological Factors to be Con-
gidered in the Design of Aircraft Ice-Prevenfion Equip-
ment. By Alun R. Jones and Willlam Lewlis.

1858. Theoretical Study of the Diffusion Constant for Self-Dif-
fusion In Metals. By ). Leichter.

1857. Investigation with an Interferometer of the Turbulent Mix-
ing of 2 Free Supersonic Jet. By Paul B. Gooderum,
George P. Wood, and Msaurice J. Brevoort.

1858. A Review of Ansalytical Methods for the Treatment of
Flows with Detached Shocks. By Adolf Busemann.

1859. A Method of Calculating a Stability Boundary that Defines
a Region of Satisfactory Period-Damping Relationship
of the Oscillatory Mode of Motion. By Leonerd Stern-
field and Ordway B. Gates, Jr.

1860. Theoretical Lift and Damping in Roll of Thin Sweptbhack
Wings of Arbitrary Taper and Sweep at Supersonic
Speeds. Subsonic Leading Exiges and Supersonic Trall-
ing Edges. By Frank S. Malvestuto, Jr., Kenneth 3ar-
golis, and Herbert S. Ribner.

1861. One-Dimensional Flows of an Imperfect Diatomlic Gas.
By A. J. Eggers, Jr.

1862. A Stmple Method of Estimating the Subsonle Lift and
Damping in Roll of Sweptback Wings. By Edward C.
Polhamus.

1868. Comparative Strengths of Some Adhesive-Adherent Sys-
tems. By N. J. DeLollis, Nancy Rucker, and J. B. Wier.

186+ Extended Applications of the Hot-Wire Anemometer. By
Stanley Corrsin.



No.

18665.

1868.

1867.

1868.

1869.

1871,

1872.

1878.

1874.

1875.

1876.

1877.

1878.

1879,

1880.

1881.

1882.

1884.

1886.
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Further Experiments on the Flow and Beat Transfer in a
Heated Turbulent Afr Jet. By Stanley Corrsin and
Msahinder S. Uberoi.

Spin-Tunnel Investigation to Determine the Effectiveness
of a Rocket for Spin Recovery. By Anshal 1. Neihouse.

A Study of Effects of Heat Treatment and Hot-Cold-Work
on Properties of Low-Carbon N-155 Alloy. By J. W,
Freeman, B, E. Reynolds, D. N. Frey, and A. B. White.

Correlation of Pilot Opinon of Stall Warning with Flight
Measurements of Various Factors Which Produce the
Warning. By Seth B. Anderson.

Wind-Tunnel Investigation of the Opening Characteristics,
Drag, and Stability of Several Hemispherical Para-
chutes. By Stanley H. Scher and Lawrence J. Gale.

. Free-Space Oscillating Pressures near the Tips of Rotating

Propellers. By Harvey H. Hubbard and Arthur A.
Regier.

A Mathematical Theory of Plasticity Based on the Concept
of Slip. By 8. B. Batdorf and Bernard Budiansky.

High-Lift and Lateral Control Characteristics of an NACA
65215 Semispan Wing Equipped with Plug and Re-
tractable Allerons and a Full-Span Slotted Flap. By
Jack Fischel and Raymond D. Vogler. ’ o

Subsonic Two-Dimensional-Flow Conditions near an Afr-
foll Determined by Static Pressures Measured at the
Tunnel Wall. By Bernard N. Daley and Lillian E.
Hanna.

Analysis of Altitude Compensation Systems for Aircrafi
Carburetors. By Hdward W. Otto.

On Two-Dimensional Supersonie Flows.
man.

Caleulation of the Aerodynamic Loading of Flexible Wings
of Arbitrary Plan Form and Stiffness. By Franklin W.
Diederich.

Effects of Compressibility on Lift and Load Characteristics
of a Tapered Wing of NACA 64-210 Afrfoil Sections up
to a Mach Number of 0.60. By F. B. West, Jr. and T.
Himka.

Study of Unsteady Flow Disturbances of Large and Small
Amplitudes Moving through Supersonic or Subsonie
Steady Flows. By Robert V. Hess.

Critical Axial-Compressive Stress of a Curved Rectangular
Panel with a Central Longitudinal Stiffener. By Murry
Schilderout and Manuel Stein.

Determination of Centrifugal-Compresor FPerformance on
Baslis of Static-Pressutre Measurements in Vaneless Dif-
fuger. By Ambrose Ginsburg, Irving A. Johnsen, and
Alfred C. Redlitz.

Comparison of Pitching Moments Obtained during Sea-
plane Landings with Values Predicted by Hydrodynamic
Impact Theory, By Gilbert A. Haines.

Oxidation Characteristics of Molybdenum Disulfide and
Effect of Such Oxidation on Its Role as a Solld-Film
Lubrieant. By Douglas Godfrey and Erva C. Nelson.

Note on the Accuracy of a Method for Rapidly Calculating
the Increments in Veloelty about an Airfoil Due to Angle
of Attack. By Laurence K. Loftin, Jr.

By Stefan Berg-

. Design and Calibration of a Total-Temperature Probe for

Use at Supersonic Speeds. By David L. Goldsteln and
Richard Scherrer.

Compressive Buckling of Flat Rectangular Metalite Type
Sandwich Plates with Simply Supported Loaded Bdges

and Clamped Unloaded BEdges. By Paul Seide,

No.

1887.

1888.

1889,

1800.

Effect of High Shear Rate on Erosion of Common Bearlng
Metals. By Charles D. Strang and Thomas I'. Clark.
Response of a Hellcopter Rotor to Oscillatory Piteh and
Throttle Movements. By Paul J. Carpenter and Herbert
E. Peltzer.

Biaxial Fatigue Strength of 24S-T Aluminum Alloy.
Joseph Marin and William Shelson.

The Effect of Torsional Flexibility on the Rolling Char-
acteristics at Supersonic Speeds of Tapered Unswept
Wings. By Warren A. Tucker and Robert L. Nelgon.

By

1891. Elastic Buckling of a Simply Supported Plate under a

1892.

1898.

Compressive Stress That Varies Linearly in the Direction
of Loading. By Charles Libove, Saul Ferdman, and John
J. Reusch.

Position Errors of the Service Airspeed Installations of 10
Airplanes. By William Gracey.

Effect of Centrifugal Force on Flutter of Uniform Cantl-
lever Beam at Subsonic Speeds with Application to
Compressor and Turbine Blades. By Alexander Men-
delson.

1894. Boundary-Layer and Stalling Characteristics of the NACA

1895.

1898.

1897.

1808.

1899.

1900.

63-008 Airfoil Section. By Donald E, Gault,

Effect of Aspect Ratio on Undamped Torsional Oscillaifong
of a Thin Rectangular Wing in Supersonie Flow. By
Charles E. Watkins,

Improvement of Accuracy of Balanced-Pressure Indicators
and Development of an Indicator Calibrating 3lachine.
By Jameg C. Livengood.

Aerodynamic Properties of Cruciform-Wing and Body Com-
binations at Subsonie, Transonic and Supersonie Speeds
By John R. Spreiter.

Effect of a 90° Cross Wind on the Take-Off Distance of a
Light Alrplane Equipped with a Cross-Wind Landing
Gear. By Seth B, Anderson, Burnett L. Gadcberg, and
Willlam H. McAvoy.

Velocity Distributions on Arbitrary Alrfolls in Closed
Tunnels by Conformal Mapping. DBy IL I8 Moses.

Preliminary Investigation of the Use of Afterglow for
Visuallzing Low-Density Compressible Flows, Dy
Thomas W. Willlams and James M. Benson,

1901. A Method for Predicting the Stability in Rell of Autu-

1902.

1904,

1905.

1906.

1907.

matically Controlled Ailrcraft Based on the Experi-
mental Determination of the Characteristics of an
Automatic Pllot. By Robert T. Jones and Leonard
Sternfield.

Appraisal of Method of Flutter Analysis Based on Chosen
Modes by Comparison with Experiment for Cases of
Large Mass Coupling. By Donald 8. Woolston and
Harry L. Runyan.

Observations of Icing Conditions Encountered in Flight
During 1948. By William Lewis and Walfer II.
Hoecker, Jr.

Experimental and Theoretical Studles of Area Sucilon for
the Control of the Laminar Boundary Layer on a Porousg
Bronze NACA 64A010 Airfoil. By Duale L. Burrows,
Albert L. Braslow, and Neal Tetervin.

An Analytical Study of the Steady Vertical Descent in
Autorotation of Single-Rotor Hellcopters. By A. A.
Nikolsky and Edward Seckel.

An Analysis of the Transition of a Helicopter from Ilover-
ing to Steady Autorotative Vertical Descent. By A, A.
Nikolsky and Edward Seckel.
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1908. General Algebraic Method Applied to Control Analysis of
Complex Engine Types. By Aaron 8. Boksenbom and
Richard Hood.

1909. Effect of Transverse Shear and Rotary Inertia on the
Natural Frequency of a Uniform Beam. By Edwin T.
Kruszewskl.

1910. Shear Buckling of Infinitely Long Simply Supported Met-
alite Type Sandwich Plates. By Paul Seide.

1613. Method of Designing Airfoils with Prescribed Veloclty
Distributions In Compressible Potential Flows. By
George R. Costello.

1914. Oxidation of Titanium Carbide Base Ceramals Contaln-
ing Molybdenum, Tungsten, and Cobalt. By AL J. Whit-
man and A. J. Repko.

1915. Elevated-Temperature Properties of Several Titanium Car-
bide Base Ceramals. By George C. Deutsch, Andrew
J. Repko, and Willlam G. Lidman.

101%7. An Analysis of the Relation hetween Horlzontal Tempera-
ture Variations and Maximum Effective Gust Velocities
in Thunderstorms. By H. Press and J. K. Thompson.

1018. Correlation of Physical Properties of Ceramic Materials
with Resistance to Fracture by Thermal Shock. By
W. G. Lidman and A. R. Bobrowsky.

1920. Preliminary Investigation of Needle Bearings of 114-Inch
Pitch Diameter at Speeds to 17,000 rpm. By E. Fred
Maeks. .

1922, Two-Dimensioual Investigation of Five Related NACA
Alrfoil Sections Designed for Rotatlng-Wing Alreraft.
By BRaymond F. Schaefer, Laurence K. Loftin, Jr., and
Elmer A. Horton.

1923. Boundary-Layer and Stalling Characteristica of the NAQA
61A008 Alrfoll Section. By George B. McCullough and
Donald E. Gault.

1024, Estimation of the Damping in Roll of Wings through the
Normal Flight Range of Lift Coefficient. By Alex Good-
msan and Glenn H. Adair.

1930. An Analysis of the Effect of Lift-Drag Ratio and Stalling
Speed on Landing-Flare Characteristics. By J. Calvin
Lovell and Stanley Lipson.

1931. Design Method for Two-Dimensional Channels for Com-
pressible Flow with Application to High-Solidity Cas-
cades. By Sumner Alpert.

1935. Methods for Determining Frequency Response of Engines
and Control Systems from Transient Data. By Melvin
E. LaVerne and Aaron 8. Boksenbom.

1937. A Flight Investigation of the Effects of Compressibility on
Applied Gust Loads. By E. T. Binckley and Jack Funk.

1938. Mechanisms of Failure of High Nickel-Alloy Turbojet Com-
bustion Liners. By John W. Weeton.

1041, Attainable Circulation of Alrfoils in Cascade. By Arthar
W. Qoldsiein and Artur Mager.

1948. Investigation of Bonding between Metals and Ceramles.
1—Ntekel, Cobalt, Iron, or Chromium with Boron Car-
bide. By H. J. Hamjian and W. G. Lidman.

1951, Method of Determining Conditions of Maximum Efficiency
of an Independent Turbine-Propeller Combination. By
Marcus F. Heldmann.

1956. Equilibrium Operating Performance of Axial-Flow Tarbojet
Englines by bleans of Idealized Analysis. By John C.
Sanders and Edward C. Chapin.

1980. Effect of Forebody Warp and Increase In Afterbody Length
on the Hydrodynamic Qualities of a Flying-Boat Hull of
High Length-Beam Ratio. By Walter J. Kapryan.

TECHNICAL MEMORANDUMS

Large amounts of the material translated from the German
are parts of two regular series of reports. Reference will be
made to these serles of German reports by abbreviations defined
as follows:

ZWB—Zentrale fiir Wissenschaftliches Berichtswesen der Luft-
fahrtforschung des Genersalinftzeugmeisters (German Central
Publication Office for Aeronauntical Reports).

FB—Forschungsbericht (Research Report).

UM—TUntersuchungen und Mittellungen (Reports and Memo-
randa).

No.

1161. Wind-Tunnel Tests on Various Types of Dive Brakes
Mounted in Proximity of the Leading Edge of the Wing.
By Bernardino Latianzi and Erno Bellanie From Rela-
zione Tecnica No. 10: Ministero dell' Aeronautica Dire-
zione Superiore Studi ed Esperienze, 1 Divisione—Sezi-
one Aerodinamica, Guidonla, December 1942,

1194, Force- and Pressure-Distributlon Measurements on Eight
Fuselages. By G.Lange. From ZWB, FB 1518, Oct. 24,
1041,

1198. Nonstationary Gas Flow In Thin Pipes of Varlable Cross
Section. By G. Guderley. From ZWB, FB 174%, QOct.
22, 1942,

1199. Compression Shocks In Two-Dimensional Gas Flows. By
A, Busemann. I'rom Vortrige aus dem Gebelte der
Aerodynamik und verwandter Gebelte, Aachen, 1929,
pp. 162-169.

1201. Rotation in Free Fall of Rectangular Wings of Elongated
Shape. By Paul Dupleich. From Publicatlons Scien-
tifiques et Techniques du Secretariat d'Etat a 1'Aviation,
No. 176, 1941,

1202. On Wind Tunnel Tests and Computations Concerning the
Problem of Shrouded Propellers. By W. Kriiger. From
ZWB, FB 1049, Jan. 21, 1048,

1203. The Compressible Flow Past Varfous Plape Profiles Near
Sonic Velocity. B. Githert and K. H. Kawalkl. From
ZYB, UM 1471, Jan. 6, 1345,

1204, Some New Problems on Shells and Thin Structures. By
V. S. Vlasov. From: Izvestia Akademii Nauk, 1947, No.
1, pp. 27-53.

1205. Exact Calculation of Laminar Boundary Layer in Longi-
tudinal Flow Over a Flat Plate with Homogeneous
Suction. By Rudolf Iglisch. ¥rom Mathematical In-
stitute of the Technical Academy Braunschweig,
Schriften der Deutschen Akademie der Luftfahrtfor-
schung, Vol. 8B, No. 1, 1944,

1206. Systematic Investigations of the Effects of Plan Form
and Gap Between the Fixed Surface and Control Sur-
face on Simpie Flapped Wings. By G&thert and Riber.
From ZWB, FB §52/4, Feb. 10, 1940.

1207. The Theory of Plasticity in the Case of Simple Loading
Accompanied by Strain-Hardening. By A. A. Ilyushin.
From Prikladnaya Matematika i Mekhanika, VoL 11,
No. 2, 1947, pp. 293-296.

1208. Calculation of Counterrotating Propellers. By F. Glnzel
From ZWB, ¥B 1752, Jan. 25, 1943.

1209, Experimental Study of Flow Past Turbine Blades. By E.
Eckert and K. v. Vietinghoff-Scheel. From Vorabdriicke
gaus Jahrbuch 1842 der deutschen Luftfahrtforschung,
¢. Lieferung, pp. 2-10.
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No.

1210. Development of Spoiler Controls for Remote Control of
Flying Missiles. By G. Brnst and M. Eramer. From
ZWB, FB 1717, Jan. 6, 1943.

i211. The Characteristics Method Applied to Stationary Two-
Dimensional and Rotationally Symmetrical Gas Flows.
By F. Pfeiffer and W. Meyer-Kdnlg. From ZWB, FB
1581, Mar. 20, 1942,

1212, On the Theory of the Laval Nozzle, By 8. V. Falkovich.
From Prikladnayas Matematika i Mekhanika. Vol. 10,
No. 4, 1948, pp. 503-512.

1218. Gas Motion in & Local Supersonic Reglon and Conditions

of Potential-Flow Breakdown. By A. A. Nikolskil and
G. I. Taganov. From Prikladnaya Matematika i Mek-
hanika, Vol. 10, No. 4, 1948, pp. 481-502.

1214, Jet Diffusion in Proximity of a Wall. By D. Kilchemann,
From ZWB, UM 8057, Dec. 81, 1043,

1215. Flow Pattern in a Converging-Diverging Nozzle. By KL
Oswatitsch and W, Rothsteln. From Jahrbuch 1942 der
deutschen Luftfahriforschung, pp. I 91-102.

1216. An Approximate Method for Caleulation of the Laminar
Boundary Layer with Suction for Bodies of Arbitrary
Shape. By H. Schlichting. From Aerodynamisches
Institut der Technischen Hochschule Braunschwelg,
Bericht 43/18, June 12, 1043,

1217. Lecture Serles “Boundary Layer Theory"”. Part I—Lam-
inar Flows. By H. Schlichting. (Given during Winter

Semester 1041/2 at Lufifahrtforschungsanstalt Hermann

Gdring, Braunschweig) From ZWB, pp. 1-158.

1218. Lecture Series “Boundary Layer Theory”. Part II—Tur-
bulent Flows. By H. Schlichting. (Given during Win-
ter Semester 1941/2 at Luftfahrtforschungsanstalt Her-
mann Ghring, Braunschwelg) From ZWDB, pp. 154-279.

No.

1219,

1224,

1225,

1284,

1238.

1240.

1249.

. Heat Transmission in the Boundary Layer.

The Influence of the Application of Power During Spin
Recovery of Multiengine Airplanes. By P. Hbhler.
From ZWB, FB 1536, Feb. 12, 1942,

Lame's Wave Functions of the Bllipsoid of Revolution.
By J. Meixner. From ZWB, FB 1952, June 1944,

Test Report on Three- and Six-Component Measurements
on a Series of Tapered Wings of Small Aspect Ratio.
(Partial Report: Trapezoldal Wing) By Lange/Wacke,
From ZWB, UM 1023/1, Sept. 15, 1943,

By L. B,

Kalikhman, From Prikladnaya Matematika ! Mekha-

nika, Vol. 10, 1946, pp. 440-474,

. Effect of the Acceleration of Elongated Bodies of Revolu-

tion Upon the Resistance In a Compressible Flow. By
B L Frapkl. From Prikladnaya Matematika { Mekhan-
ika, Vol. 10, No. 4, 1946, pp. 521~-524.

. Contribution to the Problem of Flow at High Speed. By

C. Schmieden and K., II, Kawalki. From Lillenthal-
Gesellschaft fiir Luftfahrtforschung, Report S 13/1, 1942,
pp. 40-68,

Cofnputation of Thin-Walled Prismatic Shells. By V. Z.
Ylasov. From Prikladnaya Matematika 1 Mekhanika,
Yol. 8, No. 5, 1944

Two-Dimensional Wing Theory in the Supersonic Range.
By H. Hinl. From ZWB, FB 1903, Jan, 6, 1944,

Aijrfoil Measurements in the DVL High-Speed Wind Tunnel
(2.7-Meter Diameter) By B. Githert, From Iflienthal-
Gesellschaft fitr Luftfahrtforsehung, Report 158, pp.
5-16.

Suseeptibillity fo Welding Cracking, Welding Svnsitivity,
Susceptibility to Welding Seam Cracking, and Test
Methods for these Fallures. By K. L. Zeyen. From
ZW3B, Luftfalhirtforschung, Vol. 20, No. 8/9, Oct. 10, 1943,
pp. 231-211.



Part II-COMMITTEE ORGANIZATION AND MEMBERSHIP

The act of Congress approved March 3, 1915, estab-
lishing the National Advisory Committee for Aeronau-
ties (U. S. Code, Supplement II, title 50, sec. 151), as
amended by act approved March 25, 1948 (Public Law
549, 80th Cong.), provides that the Committee shall con-
sist of 17 members appointed by the President, and shali
include “two representatives of the Department of the
Air Force; two representatives of the Department of
the Navy, from the office in charge of naval aeronautics;
two representatives of the Civil Aeronautics Author-
ity; one representative of the Smithsonian Institution;
one representative of the United States Weather Bu-
reau; one representative of the National Bureau of
Standards; the Chairman of the Research and Develop-
ment Board of the National Military Establishment;
and not more than seven other members selected from
persons acquainted with the needs of aeronautical
science, either ¢ivil or military, or skilled in aeronau-
tical engineering or its allied sciences.” These latter
seven members serve for terms of five years. The
representatives of the Government organizations serve
for indefinite periods. All members serve as such with-
out compensation.

The retirement of Maj. Gen. Edward M. Powers from
the Air Force resulted in the termination of his mem-
bership on the Committee, and under date of March 22,
1949, the President appointed Maj. Gen. Donald L. Putt
{then Brigadier General), Director of Research and
Development in the Air Force, to succeed General
Powers as a member of the Committee.

Effective December 1, 1948, the President reappointed
Mr. William Littlewood and Dr. Theodore P. Wright,
members from private life, for b-F&ar terims.

Because of his resignation as Assistant Secretary of
Commerce for Aeronautics, Hon. John R. Alison has
submitted his resignation as a member of the NACA
representing the Civil Aeronauties Authority, and his
suecessor on the Committee has not yet been appointed.

In accordance with the regulations governing the or-
ganization of the Committee as approved by the Pres-
ident, the Chairman and Vice Chairman are elected an-
nually, as are also the Chairman and Vice Chairman
of the Executive Committee.

On October 20, 1949, Dr. Jerome C. Hunsaker was
reelected Chairman of the NACA and of the Executive
Commmittee, and Dr. Alexander Wetmore and Dr. Fran-
cis W. Reichelderfer were reelected Vice Chairman of
the NACA and Vice Cheairman of the Executive
Committee, respectively.

P2LTTS—J1—F

COMMITTEE ON AFRODYNAMICS

Dr. Theodore P. Wright, Cornell Unlversity, Chairman.

Capt. Walter S. Diehl, U. S. N., Bureau of Aeronautics, Vice
Chairman.

Ma]. Gen. Henry B. Sayler, U. 8. A., Office of the Chlef of
Ordnance.

Col O. J. Ritland, Alr Matériel Command, U. S. A. F.

Col. George I, Smith, Air Matériel Command, U. 8. A. F.

Rear Adm. F. I. Entwistle, U. S. N., Bureau of Ordnance.

Mr. F. A. Louden, Bureau of Aeronautics, Department of the
Navy.

Afr. Harold D. Hoekstra, Civil Aeronautics Administration.

Dr. Hugh L. Dryden (ex officlo).

Mr. Floyd L. Thompson, NACA Langley Aeronautical Laboratory.

Mr. Carlton Bloletti, NACA Ames Aeronautical Laboratory.

Mr. Paul 8. Baker, Chance Vought Alrcraft, United Aircraft
Corp.

Mr, Otto E. Kirchner, American Afrlines, Ine.

Mr. Grover Loening.

Mr. L. E. Root, Rand Corp.

Mr. George S. Schalrer, Boeing Alrplane Co.

Dr. William R. Sears, Cornell University.

Dr. Theodore von Karman, California Institute of Technology.

Mr. Fred E. Weick, Agricultural and Mechanical College of Texas.

Mr. Milton B. Ames, Jr., Secretary. )

Subcommittee on Flaid Mechanics

Dr. Clark B, Milllkan, California Institute of Technology,
Chairman.

Dr. Frank L. Wattendorf, Air JMatériel Command, U. S. Afr
Force.

Mr. R. H. Kent, Ballistic Research Laboratory, Aberdeen Proving
Ground. )

Capt. Walter S. Diehl, U. S. N., Bureau of Aeronautics.

Mr. George V. Schliestett, Office of Naval Research, Department
of the Navy.

Dr. R. J. Seeger, Naval Ordnance Laboratory.

Dr. G. B. Schubauer, National Bureau of Standards.

Dr. Carl Kaplan, NACA Langley Aeronautical Labératory.

Mr. John Stack, NACA Langley Aeronautical Laboratory.

Alr. Robert T. Jones, NACA Ames Aeronautical Laboratory.

Mr. Y. G. Vincenti, NACA Ames Aeronautical Laboratory.

Dr. John C. Evvard, NACA Lewls Flight Propulsion Laboratory.

Dr. Wiliam Bollay, North American Aviation, Inec.

Dr. Francis H. Clauser, Johns Hopking Universtty.

Prof. Howard W. Emmons, Harvard University.

Dr. Hans Liepmann, California Institute of Technology.

Dr. C. C. Lin, Massachusetts Instifute of Technology.

Dr. Wiliam R. Sears, Cornell University.

AMr. E. O. Pearson, Secretary.

Subecommittee on High-Speed Aerodynamics

Afr, L. E. Root, Rand Corporation, Chairman.

AMr. H. L. Anderson, Air Matériel Command, U. S. Air Force.

Col J. A. Glbbs, T. 8. A. F., Alr Matériel Command.

Mr, C. L. Poor, II1, Ballistic Research Laboratories, Aberdeen
Proving Ground.

Comdr. Sydney S. Sherby, U. S. N., Bureaun of Aeronautics.

57



58 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Mr. William H. Miller, Bureau of Aeronautics, Department of
the Navy.

Mr. Oscar Seidman, Bureau of Aeronautics, Department of the
Navy.

Mr. Andrew Vazsonyl, Naval Ordnance Test Station, Inyokern.

Dr. Hugh L. Dryden (ex officio).

Mr. Robert R. Gilruth, NACA Lang'ey Aeronautical Laboratory.

Mr. John Stack, NACA Langley Aeronautical Laboratory.

Mr. H. Julian Allen, NACA Ames Aeronautical Laboratory.

Mr. Abe Silverstein, NACA Lewis Flight Propulsion Laboratory.

Mr. Irving L. Ashkenas, Northrop Aircraft, Inc.

Mr. Benedict Cohn, Boeing Airplane Co.

Mr. Paul C. Emmons, Bell Alreraft Corp.

Mr. John G. Lee, United Aircraft Corp.

Mr. Harold Luskin, Douglas Aireraft Co., Ine.

Prof. John R. Markbam, Massachusetts Institute of Technology.

Mr. Allen H. Puckett, California Institute of Technology.

Mr. William C. Schoolfield, Chance Vought Aircraft, United Air-
craft Corp.

Mr. H. A. Storms, North American Aviation, Inc,

Mr. E. O. Pearson, Secretary.

Subcommittee on Stahility and Control

Capt. Walter 8. Dlehl, U. 8. N., Bureau of Aeronautics, Chairman.

Mr. Melvin Shorr, Air Matériel Command, U. 8. Alr Force.

Mr. Gerald G. Kayten, Biifeau of Aeronautics, Depariment of
the Navy.

Dr. George L. Shue, Naval Ordnance Laboratory.

Mr. John A. Carran, Clvil Aeronautics Administration.

Mr. Thomas A. Harrls, NACA Langley Aeronautical Laboratory.

Mr. Harry J. Goett, NACA Ames Aeronautical Laboratory.

Mr. Philip A. Colman, Lockheed Aireraft Corp.

Mr. Percy Halpert, Sperry Gyroscope Co., Inc.

Mr. E. R. Heald, Douglas Alreraft Co., Inc.

Mr. W. F. Milliken, Jr., Cornell Research Foundation, Inc.

Mr. Dale D. Myers, North American Aviatlon, Inc,

Prof. C. D. Perkins, Princeton University.

Prof. Robert C. Seamans, Jr., Massachusetts Institute of Tech-
nology.

Mr. Charles Tilgner, Jr., Grumman Aireraft Engineering Corp.

Mr. Bernard Maggin, Secretary.

Subcommittee on Internal Flow
Dr. Stewart Way, Westinghouse Electric Corp., Chairman.
Mr. James H. DeRemer, Air Matériel Command, U. 8. Air Force.
Mr. Joseph Flatt, Air Matériel Command, U. 8. Air Foree.
Mr. Parker M. Bartlett, Bureau of Aeronautics, Department of

the Navy.
Dr. K. F. Rubert, NACA Langley Aeronautical Laboratory.
Mr. E. A. Mossman, NACA Ames Aeronautical Laboratory.
Mr. John C. Sanders, NACA Lewis Flight Propulsion Laboratory.
Mr. Henry H. Hoadley, United Aircraft Corp.
Dr. W. J. 0'Donnell, Republic Aviation Corp.
Mr. Otto P. Prachar, Allison Division, General Motors Corp.
Mr. Ralph H. Shick, Consolidated Vultee Afreraft Corp.
Mr. A. M. O. Smith, Douglas AircraftCo., Inc.
Mr. M. A. Sulkin, North American Aviation, Ine.
My, Bernard Maggin, Secretary.
Subcommittee on Propellers for Aircraft
Mr. George S. Schairer, Boeing Airplane Co., Chalrman.
Mr. Daniel A. Dickey, Air Matériel Command, U. 8. Afr Force.
Mr. Anthony F. Dernbach, Air Matériel Command, U. 8. Alr
Force.

Mr. Gerald L. Desmond, Bureau of Aeronautics, Department of
the Navy.

Mr. Ivan H. Driggs, Bureau of Aeronautics, Dephrtment of the
Navy.
Mr. John C. Morse, Civil Aeronauties Adminlstration.
Mr. Eugene C. Draley, NACA Langley Aeronautical Laboratury.
Mr, Robert M. Crane, NACA Ames Aeronautical Laboratory.
Mr. George W. Brady, Curtiss-Wright Corp.
Mr. Frank W. Caldwell, United Aircraft Corp.
Mr. Thomas B. Rhines, Hamilton Standard Propellers, United
Aireraft Corp.
Mr. R. A. Anderson, Secretary.

Subcommittce on Seaplanes
Mr. Grover Loening, Chatrman.
Mr. H. L. Anderson, Afr Matériel Command, U. 8. Afr Force.
Mr. J. M. Herald, Air Matériel Command, U. S. Air Force.
Capt. Walter 8. Dlehl, U. 8. N., Bureau of Aeronautics.
Mr, F. W. 8. Locke, Jr., Bureau of Aeronautics, Depariment of
the Navy.
Commander Henry E. McNeely, U. S. N., Naval Afr Test Center,
Patuxent.
Rear Adm. C. O. Kell, U. S. N., David V. Taylor Model Basin.
Corumander Donald B. MacDiarmid, U. 8. C. G., U. 8. Coast
Guard Air Station, San Diego.
Mr, Albert A. Vollmecke, Civil Aeronautics Administration.
Mr. John B. Parkinson, NACA Langley Aeronautical Laboratory.
Prof. K. 8. M. Davidson, Stevens Institute of Technology.
Mr. Leo Geyer, Grumman Aireraft Engineering Corp.
Mr. J. D. Plerson, The Glenn L. Martin Co.
Mr. E. G. Stout, Consolidated Vultee Alrecraft Corp.
Mr. William R. Ryan, Edo Corp.
Mr. J. W, Ebert, Secretary.

Subcommittee on Helicopters
Mr. Richard H. Prewitt, Prewitt Aireraft Co., Chairman,
Mr. Bernard Lindenbaum, Air Matérfel Command, U. 8. Alr
Foree.
Mr, P. A. Simmons, Air Matériel Command, U, S. Alr Foree,
Mr. Raymond A. Young, Bureau of Aeronautics, Department of
the Navy.
Commander James W. Klopp, U. 8. N., Bureau of Aeronautics.
Commander Frank A. Erickson, U. 8. C. G., Rotary Wing Devel-
opment Unit, Coast Guard Air Station.
Mr. R. B. Maloy, Civil Aeronautics Administration.
Mr. B. L. Springer, Civil Aeronautics Administration.
Mr. R. C. Dingeldein, NACA Langley Aeronautical Laboratory.
Mr. F. B. Gustafson, NACA Langley Aeronautlcal Laboratory.
Mr. Michael E. Gluhareff, Sikorsky, Aircraft, United Alreraft
Corp.
Mr. Charles H. Kaman, The Kaman Aircraft Corp.
Mr, Bartram Kelley, Bell Aircraft Corp.
Mr. Rene H. Miller, Massachusetts Institute of Technology.
Mr. Robert R. Osborn, MeDonnell Aireraft Corp.
Mr. F. N. Piaseckl, Piasecki Helicopter Corp.
Mr. R. A. Anderson, Secretary.

Special Subcommittee on the Upper Atmosphere

Dr. Harry Wexler, U. 8. Weather Bureau, Chairman,

Brig. Gen. Donald N. Yates, U. S. A, F., Alr Weather Service.

Col. Benjamin @. Holzman, U. S. A. F., Office, Deputy Chief of
Staff for Matériel, Department of the Alr Force,

Col. Marcellus Duffy, U. S. A. F,, 3180th Electronic Siatlon, Cam-
bridge.

Dr. Marcus D. O'Day, 41684 Air Force Base Unif, AMC, Cam-
bridge.

Capt. Walter S. Diehl, U. 8. N,, Bureau of Aeronauties,

Dr. Harvey Hall, Bureau of Aeronautfcs, Department of the
Navy.
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Capt. Howard T. Qrville, U. S. N., Office, Chief of Naval Opera-
tions.

Dr. Homer B. Newell, Jr., Naval Research Laboratory.

Dr. W. G. Brombacher, National Bureau of Standards.

Mr. Willinm J. O’Sullivan, NACA Langley Aeronautical Labora-
tory.

Dr. L. V. Berkner, Carnegle Institution of Washington.

Prof. C. W. Gartlein, Cornell University.

Dr. B. Gutenberg, Californla Institute of Technology.

Prof. Bernhard Haurwitz, New York University.

Dr. Joseph Kaplanr, University of California.

Dr. C. L. Pekeris, Princeton Unifversity.

Dr. J. A. Van Allen, Johns Hopkins University Applied Physics
Laboratory.

Dr. Fred L. Whipple, Harvard Untversity.

Dr. O. R. Wulf, California Institute of Technology.

Mr. O. J. Deters, Secretary.

COMMITTEE ON POWER PLANTS FOR AIRCRAFT

Mr. Ronald M. Hazen, Allison Division, General Motors Corp..
Chairman.

Prof. E. S. Taylor, Massachusetts Institute of Technology, Vice
Chairman.

Col. R. J. Minty, U. 8. A. F., Air Matériel Command.

Col Ralph L. Wassell, U. S. A. I, Alr Matériel Command.

Capt. A. L. Balrd, U. 8. N,, Bureau of Aeronauties.

Mr. Stephen Rolle, Civil Aeronautics Administration.

Dr. Hugh L. Dryden (ex officio).

Mr. Cariton Kemper, NACA Lewls Flight Propulsion Laboratory.

AMr. L. S. Hobbs, United Alrcraft Corp.

Mr. William M. Holaday, Socony-Vacuum Ofl Co., Ine.

Praof. Joseph H. Eeenan, Massachusetts Institute of Technology.

Mr. R. P. Kroon, Westinghouse Electric Corp.

Mr. Willlam C. Lawrence, American Airlines, Inc.

Mr. Norman L. Mochel, Westinghouse Electric Corp.

Mr. D. F. Warner, General Electric Co.

Mr. Raymond W. Young, Wright Aeronautical Corp., Division of
Curtiss-Wright Corp.

Alr. Robert E. Littell, Secretary.

Subcommittee on Aircraft Fuels

Mr. W. M. Holaday, Socony-¥Yacuum Oil Co., Ine, Chairman,
Mr. E. C. Phillips, Alr Matériel Command, U. S. Alr Force.
Commander R. J. Hoyle, U. 8. N., Bureau of Aeronauties.
Mr. Donald B. Brooks, Research and Development Board.
Mr. Kenneth 8. Cullom, Civil Aeronautics Administration.
Dr. L. C. Gibbons, NACA Lewis Flight Propulsion Laboratory.
Dr. D. P. Barnard, Standard Oil Co. of Indiana.
Mr. A. J. Blackwood, Standard Ofl Development Co.
Mr. 8. D. Heron, Ethyl Corp.
Dr. J. Bennett HIll, Sun Oil Co.
Mr. C. R. Juhnson, Shell Of1 Co., Inc.
Mr. Floyd G. Dougherty, Allison Division, General Motors Corp.
Dr. W. E. Kubn, The Texas Co.

Mr. Henry E. Alquist, Secretary.

Subcommittee on Combustion

Dr. Bernard Lewis, Bureau of Mines, Chairman.

Mr. Garrett L. Wander, Alr Matériel Command, U. S. Air Force.

Lt. Comdr. C. C. Hoffman, U. 8. N., Bureau of Aerongutics.

Mr. BErnest F. Flock, Natlional Bureau of Standards.

Dr. Walter T. Olson, NACA Lewis Flight Propulsion Laboratory.

Mr. Edmund D. Brown, Pratt & Whitney Afircraft, United Air-
craft Corp.

Mr. Floyd G. Dougherty, Allison Division, General Motors Coip.

Dr. Joseph O. Hirschfelder, University of Wisconsin,

Mr. Robert B. Lewls, Wright Aeronautical Corp., Divislon of
Curtiss-Wright Corp.

Dr. Juhn P. Longwell, Standard Oil Development Co.

Mr. T. B, Myers, North American Aviation, Ine.

Mr. A. J. Nerad, General Electrie Co.

Dr. Robert N. Pease, Princeton University.

Dr. Martin Summerfield, Califurnia Institute of Technology.

Mr. E. P. Walsh, Westinghouse Electrie Corp.

Prof. Glenn C. Williams, Massachusetts Institute of Technology
Mr. Henry E. Alquist, Secretary.

Subcommittee on Lubrication and Wear

Mr. Arthur F. Underwood, General Motors Corp., Chairman,
Mr. Edgar A. Wolfe, Air Matériel Command, U, 8. Air Force.
Lt. Comdr. Lec W. Mullane, U. S. N,, Bureau of Aeronautics.
Dr. William Zisman, Naval Research Laboratory.
AMr. John H. Collins, Jr., NACA Lewis Flight Propulsion Labora-

tory.
Dr. O. Beeck, Shell Development Co.
Prof. John T. Burwell, Jr., Massachusetts Institute of Technology.
Mr. C. J. McDowall, Allison Divisfon, General Motors Corp.’
AMr. Joseph Palsulich, Cleveland Graphite Bronze Co.
AMr. E. M, Phillips, General Electrie Co.
Mr. Earle A. Ryder, Pratt & Whitney Aircraft, United Alreraft

Corp.
Mr. C. H. Stockdale, Westinghouse Electric Corp.
Dr. Haakon Styri, SKF Industries, Ine.
Dr. John C. Zimmer, Socony-Vacuum Qil Co., Ine.

Jr. William H. Woodward, Secretary.

Subcommittee on Compressors
Prof. Howard W. Emmons, Harvard University, Chairman.
Mr. Opte Chenoweth, Alr Matériel Command, U. 8. Alr Force.
Mr. Karl Guitmann, Bureau of Aeronauties, Department of the
Navy.
Mr. John R. Erwin, NACA Langley Aeronautical Laboratory.
Mr. Robert O. Bullock, NACA Lewis Flight Propulsion Labora-
tory. .
Mr. Rudolph Birmann, DeLaval Sieam Turbine Co.
Mr. Walter Doll, Pratt & Whitney Alreraft, United Alreraft
Corp.
Mr, R. 8. Hall, General Electric Co. .
Dr. W. R. Hawthorne, Massachusetts Institute of Technology.
Mr. Gordon E. Holbrook, Allison Division, General Motors Corp.
AMr. Bernard J. Mezger, Wright Aeronautieal Corp., Division of
Curtiss-Wright Corp.
Mr. Arnold H. Redding, Westinghouse Electrie Corp.
Ar. Allen C. Staley, Chrysler Corp.
Prof. George F. Wislicenus, Johns Hopkins University.
Mr. Donald J. Todd, Secretary.

Subcommittee on Turbines
Mr. Arnold H. Redding, Westinghouse Eleetric Corp., Chairman.
Mr. Ernest C. Simpson, Air Matériel Command, U. 8. Air Force.
Commander Frank K, Slason, U. 8. N., Bureau of Aeronguties.
Afr. John V. Becker, NACA Langley Aeronautical Laburatory.
Mr. Oscar W. Schey, NACA. Lewlis Flight Propulsion Laboratory.
AMr. Earl L. Auyer, General Eleetrie Co.
Mr. Jack C. Fetters, Allison Dirvision, General Motors Corp.
Mr. Donald S. Hersey, Pratt & Whitney Alrcraft, United Alr-
craft Corp.
Mr. W. M. S. Richards, Wright Aeronautical Corp., Division of
Curtiss-Wright Corp.
Prof. Ascher H. Shapiro, Massachusetts Institute of Technology.
Mr. Donald J. Todd, Secretary.
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Subcommittee on Propulsion-Systems Analysis

Prof. Joseph H. Keenan, Massachusetts Institute of Technology,
Chairman.

Mr. Ople Chenoweth, Air Matériel Command, U. 8. Air Forcee,

Mr. Ivan H. Driggs, Bureau of Aeronauties, Department of the
Navy.

Dr. Kennedy F. Rubert, NACA Langley Aeronautical Labora-
tory.

Mr. Bepnjamin Pinkel, NACA Lewis Flight Propulsion Labora-
tory.

Mr. Dimitrius Gerdan, Allison Division, General Motors Corp.

Mr. Charles A. Meyer, Westinghouse Electric Corp.

Dr. W. J. O’Donnell, Republic Aviation Corp.

Mr. Erold F. Plerce, Wright Aeronautical Corp., Division of
Curtigs-Wright Corp. ’

Mr. Perry W. Pratt, Pratt & Whitney Aircraft, United Aircraft
Corp.

Mvr. B. E. Stoeckly, General Electric Co.

Dr, Maurice J. Zucrow, Purdue University.

Mr. Robert O. Dietz, Jr., Secretary.

Subcommittee on Heat-Resisting Materials

Mr. Norman L. Mochel, Westinghouse Electrie Corp., Chalrman.

Mr. J. B. Johnson, Air Matériel Command, U. S. Alr Force.

Lt. Comd. C. C. Hoffman. U. S. N., Bureau of Aercnautlcs,

Mr. Nathan B. Promisel, Bureau of Aeronauties, Department of
the Navy.

Mr, Irvin R. Kramer, Ofice of Naval Research.

Mr. W. N. Harrison, Natlonal Bureau of Standards.

Mr. John H. Colling, Jr., NACA Lewis Flight Propulsion Labora-
tory.

Mr. W. L. Badger, General Electrie Co.

Mr. Howard C. Cross, Battelle Memorial Institute.

Mr. Russell Franks, Unfon Carbide & Carbon Corp.

Mr. Arthur W. F. Green, Allison Dfvislon, General Motors Corp.

Prof. Nicholas J. Grant, Massachusetts Institute of Technology.

Dr. Marcus A. Grossmann, Carnegle-Illinois Steel Corp.

Dr. Gunther Mohling, Allegheny Ludlum Steel Corp.

Mr. R. B, Thielemann, Pratt & Whitney Alrcraft, United Aircraft
Corp.

Mr. William H, Woodward, Secretary.

COMMITTEE ON AIRCRAFT CONSTRUCTION

Dr. Arthur E. Raymond, Douglas Aireraft Co., Inc., Chajrman.
Mr. R. L. Templin, Aluminum Co. of America.
Lt. Col. Ernest N. Ljunggren, U. 8. A. F., Air Matériel Command.
Commander Cedric W. Stirling, U. S. N., Bureau of Aeronautles.
Mr. Albert A. Vollmecke, Civil Aeronautics Administration.
Dr. Hugh L. Dryden (ex officio).
Dr. Henry J. E. Reld, NACA Langley Aeronautical Laboratory.
Mr. Carlton Bioletti, NACA Ames Aeronautical Laboratory.
Mr. Dor O. Benson, Northwest Airlines, Inc.
Prof. Raymond L. Bisplinghoff, Massachusetts Institute of Tech-
nology. = .
Dr. Emerson W. Conlon, University of Michigan.
Dr. C. C. Furnas, Cornell Aeronautical Laboratory.
Dr. Alexander A, Kartveli, Republic Aviation Corp.
Mr. George Snyder, Boeing Alrplane Co.
Mr. Charles R. Strang, Douglas Aircraft Co., Inc.
Dr. Clyde Williams, Battelle Memorial Institute.
Mr. Franklyn W, Phillips, Secretary.

Subcommittee on Aircraft Structures
Mr. Charles R. Strang, Douglas Alreraft Co., Inc.,, Chairman.

Mr. Joseph Eelley, Jr., Air Matériel Commmand, U. S. Air Force.
Mr. B. H. Schwartz, Air Matériel Command, U. S. Air Force.

Commander William C. Dunn, U. 8. N,, Bureau of Aeronnutics.

Mr. Olifford W. Hurley, Bureau of Aeronautics, Department of
the Navy.

Mr. William T, Shuler, Civil Aeronautics Administration.

Mr. Samuel Levy, National Bureau of Standards.

Dr. Eugene BE. Lundquist, NACA Langley Acronautical Labora-
tory.

Prof. W. H. Gale, Massachusetts Institute of Technology.

Dr. Nicholas J. Hoff, Brooklyn Polytechnie Institute.

Mr, Jerome F. McBrearty, Lockheed Airceraft Corp.

Mr. Frances Me Vay, Republic Aviation Corp.

Mr. John H. Meyer, McDonnell Afrcraft Corp.

Mr. R. L. Templin, Aluminum Co. of America.

Mr. James C. McCulloch, Secretary.

Subcommittee on Vibration and Flutter
Prof. Raymond L. Bisplinghoff, Massachusetts Institute of Tech-
nology, Chairman,
AMr. Benjamin Smilg, Air Matériel Command, U. S. Alr Force,
Capt. Walter 8. Diell, U. S. N., Bureau of Aeronaulles.
Mr. Douglas T. Egbert, Bureau of Aeronautics, Department of
the Navy.
Mr. Robert Rosenbaum, Clvil Aeronautics Administration.
Mr, 1. E. Garrick, NACA Langley Aeronautical Laboratory.
Mr. Albert Erickson, NACA Ames Aerconautical Laboeratory.
Mr, Samuel S. Manson, NACA Lewis Flight Propulsion Labora-
tory.
Dr. J. M. Frankland, Chance Vought Aireraft, United@ Alreraft
Corp.
Mr. E. B. Kinnaman, Boelng Airplane Co.
Mr. H. Erich Nletsch, The Glenn L. Martin Co.
Mr. Clotaire Wood, Secretary.
Subcommittee on Aircraft Loads
Mr. George Snyder, Boeing Airplane Co., Chairman.
Mr. Joseph H. Harrington, Air Matériel Command, U. 8. Alr
Force.
Commander Norman J. Klelss, U. 8. N., Bureau of .Aeronaulics.
Mr. Robert F. Speaker, Bureau of Aerongutics, Department of
the Navy.
Mr. Edward I. Ryder, Civil Aeronautics Administration.
Mr. Richard V. Rhode, NACA Lungley Aeronautical Laboratory.
Mr. Manley J. Hood, NACA Ames Aeronautical Laboratory.
AMr. John G. Borger, Pan American Airways, Inc
Mr. T. D. Jewett, The Glenn L. Martin Co,
Mr, William C. Schoolfield, Chance Yought Alrcraft, United
Afreraft Corp.
AMr. K. E. VYan Hvery, Douglas Alreraft Co., Ine,
Mr. Clotaire Wood, Secretary.

Subcommittee on Aireraft Structural Materials
Dr. Clyde Williams, Battelle Memorial Institute, Chairman,
Mr. J. B. Johuson, Air Matértel Command, U. S. Alr Foree,
Mr. James E. Sullivan, Bureau of Aeronautics, Department of

the Navy.
Dr. Gordon M. Kline, National Bureau of Standards.
Mr. Wiliam F. Roeser, National Bureau of Standards.
Mr. Stanley Yaglela, Civil Aeronautics Administration,
Dr. S. B. Batdorf, NACA Langley Aeronautical Luboratory.
Mr. Frank B. Bolte, North American Aviation, Inc,
Mr. Edgar H. Dix, Jr., Aluminum Co. of Ameriea.
Dr. Maxwell Gensamer, Carnegle-1linols Steel Corp.
Dr. J. C. McDonald, The Dow Chemieal Co.
Mr. L. J. Markwardt, Forest Pruducts Laboratory.
Dr. Robert F. Mehl, Carnegie Institute of Technology.
Mr. T. B, Piper, Northrop Aircraft, Ine,
Mr, Franklyn W. Pbillips, Secretary.
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COMMITTEE ON OPERATING PROBLEMS

Ay, Willam Littlewood, American Airlines, Ine., Chairman.
Dr. Franels W. Reichelderfer, U. S. Weather Bureau, Vice Chair-
man.
Maj. Gen. William H. Tunner, Military Air Transport Service.
Col. Frederick R. Dent, Jr., U. 8. A. F., Air Matérlel Command.
Col. J. Francis Taylor, Jr., U. 8. A. F., Air Matériel Command.
Commander G. A. Hatton, U. 8. N., Bureau of Aeronautics.
Mr. George W. Haldemsan, Civil Aeronauties Administration.
Mr. Donald M. Stuart, CIvil Aeronautics Administration.
Dr. Hogh L. Dryden (ex officlo).
Mr. Melvin N. Gough, NACA Langley Aeronauticel Laboratory.
Ar. Richard V. Rhode, NACA Langley Aeronsutical Laboratory.
Alr. Lewis A. Rodert, NACA Lewis Flight Propulsion Laboratory.
Alr. P. R. Bassett, Sperry Gyroscope Co., Inc., Division of Sperry
Corp.
Mr. M. G. Beard, American Alrlines, Inec.
Mr. Charles Froesch, Eastern Air Lines, Inc.
Capt. Harold E. Gray, Pan American World Airways.
Mr. Ben Q. Howard, Congolidated Vultee Alreraft Corp.
Mr. Louis R. Koepnlck, Transcontinental & Western Air, Inc,
Mr. Jerome Lederer.
Dr. Ross A. McFarland, Harvard School of Public Health.
AMr. W. C. Mentzer, United Air Lines, Inc.
Dr. T. L. K. Smull, Secretary.

Subcommittee on Meteorological Problems
Dr. Francis W. Reichelderfer, T. 8. Weather Bureau, Chairman.
Brig. Gen. Donald N. Yates, U. S. A., Air Weather Service.
Col Marcellus Duffy, U. 8. A. F., 3160th Electronic Station, Cam-
bridge.
Capt. Howard T. Orville, U. 8. N, Office, Chief of Naval Opera-
tions.
Mr. George M. French, Civil Aeronautics Board.
Mr. Robert W. Craig, Civil Aeronautics Administration.
Mr. Delbert M. Little, U. S. Weather Bureaw.
Dr. Ross Gunn, U. S. Weather Bureau.
Dr. Harry Wexler, U. S. Weather Bureau.
Mr. Philip Donely, NACA Langley Aeronautical Laboratory.
Dr. H. R. Byers, University of Chicago.
Afr. Allan C. Clark, Pan American World Alrways.
Mr. Joseph J. George, Eastern Alr Lines, Inc.
Prof. H. G. Houghton, Alassachusetts Institute of Technology.
Prof, Athelstan F. Spilkaus, University of Minnesota.
Mr. Donald B. Talmage, Secretary.

Subcommittee on Icing Problems
Mr. R. L. MeBrien, United Alr Lineg, Ine., Chgirman.
Mr. Bernard Chasman, Air Matériel Command, U. S. Afr Force.
Mr. James E. DeRemer, Air Matériel Command, U. S. Air Force.
Mr. Duane M. Patterson, Air Matériel Command, U. S. Air Force.
Mr. Parker M. Bartlett, Bureau of Aeronauties, Department of
the Navy.

AMr. H. C. Sontag, Bureau of Aeronautics, Department of the
Navy.

Mr. Stephen Rolle, Civil Aeronautics Administration.

ALr. B. C. Haynes, U. S. Weather Bureau.

Mr. Alun R. Jones, NACA Ames Aeronautical Laboratory.

Mr. Willzgon H. Hunter, NACA Lewis Flight Propulsion Labora-
tory.

Mr. Arthur A, Brown, Pratt & Whitney Adrcraft, United Alreraft
Corp.

Dr. Wallace E. Howell, Mount Washington Observatory.

Mr. Robert L. Linforth, Boeing Airplane Co.

Mr. David A. North, American Alrlines Maintenance Base.

Mr. W. W. Reaser, Douglas Aircraft Co., Inc.

Afr. O. E. Rodgers, Westinghouse Electriec Corp.

Mr. Vinecent J. Schaefer, General Electrie Co.

Afr. Donald B. Talmage, Secretary.

Suhcommittee on Aircraft Fire Prevention

AMr. Lewis A. Rodert, NACA Lewls Flight Propulsion Laboratory,
Chairman.

Mr. Howard A. Klein, Air Matériel Command, U. S. Alr Force.

Alr. Howﬁrd H. Noyes, Air Matériel Command, U. S. Air Force.

Maj. C. H. McConnell, U. S. A. F., Fiylng Safefy Division,
Langley AFB.

Mr. Charles V. Shiubart, Bureau of Aeronautics, Department of
the Navy.

AMr. John M. Chamberlain, Civil Aeronautics Board.

Mr. Harvey L. Hansberry, Civil Aeronantics Administration.

3Mr, David L. Posner, Civil Aeronautics Administration,

AMr. John A. Dickinson, National Bureau of Standards.

Mr. E. M. Barber, The Texas Co.

Mr. John G. Borger, Pan American Alrways, Ine.

Mr., Allen W. Dallag, Alr Transport Association of America.

Mr. Harold E. Hoben, American Airlines, Inc.

AMr. C. R. Juhnson, Shell OfI Co., Inc.

Mr. Raymond D. Kelly, United Alr Lines.

AMr. Gaylord W. Newton, Boeing Alrplane Co.

Ar. Ivar L. Shogran, Douglas Aireraft Co., Inc.

Mr. Lon Storey, Jr., Lockheed Aircraft Corp.

Mr. Clem Q. Trimbach, Cornell Research Foundation, Ine.

Mr. Richard S. Cesaro, Secretary.

INDUSTRY CONSULTING COMMITTEE

Mr. John K. Northrop, Northrop Aircraft, Inc., Chairman.
Mr. Robert E. Gross, Lockheed Aireraft Corp., Vice Chairmsan.
Mr. Lawrence D. Bell, Bell Aireraft Corp.
Mr. Lynn L. Bollinger, The Aeronautical Research Foundation.
Alr. H. M. Horner, United Alreraft Corp.
Mr. E. V. Rickenbacker, Eastern Alr Lines, Ine.
Mr. Earl F. Slick, Slick Alrways, Inec.
Mr. Dwane L. Wallace, Cessna Aircraft Co.
Dr. T. L. K. Smull, Secretary.



Part III—FINANCIAL REPORT

Appropriations for the fiscal year 1949.—Funds in the follow-
ing amounts were appropriated for the Committee for the fiscal
year 1949 in the Independent Offices Appropriation Act, 1849,
approved April 20, 1948, and the Second Deficiency Appropriation
Act, 1949, approved June 23, 1949, ’ '

Salaries and expenses $88, 657, 000

Printing and binding s — 95, 000

Construction and equipment of laboratory facilities:
Langiey Aeronautical Laboratory —_—— ____ 4, 188, 650
Ames Aeronautical Laboratory_ 870, 300
Lewis Flight Propulsion Laboratory . ______ 5, 441, 030
Total appropriations N 48, 652, 000

The amount appropriated for construction and equipment of
laboratory facilities includes $2,143,000 for liquidation of the
obligations incurred under the contract authorily provided in
the appropriation act for the figscal year 1948, The remainder,
$7,857,000, is available for obligation during the fiscal years 1949
and 1930. Additional contract authority was provided for con-
gtruction and equipment of laboratory facilities in the amount
of $18,200,000 in the 1940 aet, for obligation during fiscal years
1949 and 1950.

Obligations incurred agalnst the fiscal year 1948 appropriations
are listed below. The figures shown for salaries and expenses
include the costs of personal services, travel, transportation,
communication, utility services, contractual services, supplies,
and equipment,

Salaries and expenses:

NACA Headqguarters $768, 159
Langley Aeronautleal Laboratary..—————__ — 16,258, 616
Ames Aeronautical Laboratory . ____ 6,133,977
Lewis Plight Propulsion Laboratory . _ 14, 308, 563
Research Contracts—edueational institutions___ 603, 172
Transfer to National Bureau of Standards_. 175, 000
Prinfing and binding, all activities - ___________ 04, 895
Construction and equipment of laboratory facilities:
Langley Aeronautical Laboratory_ . _ 2,397,638
Ames Aeronautical Laboratory . _____ 859, 864
Lewis Flight Propulsion Laboratory—..—.—._ 8,588, 839
Total obligations 44,673, 77

62

Unobligated balances:
Salaries and expenses 319, Hos
Printing and binding.. 105
Construction and equipment__.. 3, 658, 609

Total appropriations 48, 652, 000

The following obligations were &lso incurred against the fisenl
year 1049 additional contract autherity provided for construc-
tion and equipment of laboratory facilities:

Langley Aeronautical Laboratory e $3, 5508, 872
Ames Aeronautical Laboratory. 395, 622
Lewis Flight Propulsion Laboratory e . 3,833, 478

Total obligations, fiscal year 1040 __ 7,785,972
,Total avallable for obligation, fiseal year 1950..——_ 10, 414, 028

13, 2q0, 000

Appropriations for the fiscal ycar 1850.—Funds in the follow-
ing amounts were appropriated for the Committee for the fiseal
year 1950 in the Independent Offices Appropriation Act, 1950,
approved August 24, 19049:

Total authorization

Salaries and expenses. $13, 000, 000

Construction and equipment of laboratury factli-

ties:

Langley Aeronautical Laborutory---——— 4,706,200
Pilotless Alreraft Research Station oo 771, 000
Ames Aeronautical Laborator§ame——e— 060, 000
Lewis Flight Propulsion Laboratory_— . . 38,562,500
Totul appropriations 53, 000, 000

The $10,000,000 appropriated for construction and equipment
of laburatory facilities includes $7,277,200 for lquidalion of
obligations incurred pursuant to the contract authorization con-
tained In the appropriation act for the fiscal year 1949, The
remainder, $2,722,800 is available for obligation during fiscal
years 1950 and 1051 in accordance with the appropriation act
for fizcal year 1950. Additional contract authority for con-
struction and equipment of laboratory facilitics in the amount
of $10,000,000 was also provided in the 1930 act, for obligation
during the fiscal years 1950 and 1951.



